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ABSTRACT 
BACTERIZATION OF POTATOES WITH PSEUDOMONAS PUTIDA 
AND ITS INFLUENCE ON POSTHARVEST SOFT ROT DISEASES 
February, 1983 
Patrick D. Colyer, B.S., Edinboro State (Pa.) College 
M.S., Ph.D., University of Massachusetts 
Directed by: Professor Mark S. Mount 
Preplant and postharvest treatments of potatoes with a Pseudo¬ 
monas putida isolate antagonistic to soft rotting Erwinias were 
evaluated for their effect on soft rot development of potato tubers. 
Preplant treatments involved soaking certified "Superior" seed pieces 
in a suspension of the antagonistic £. putida or a distilled water 
control. Postharvest treatment involved soaking harvested tubers in 
a bacterial suspension or distilled water control. The tubers were 
tested for soft rot potential by wounding each tuber ten times with 
a sterile toothpick and incubating anaerobically for 5 days. Tubers 
were evaluated for soft rot potential by a visual rating scheme, per¬ 
cent weight loss due to soft rot, and the number of wounds from which 
rot developed. Results indicate that soft rot potential can be re¬ 
duced by 50% by preplant treatments, and by 75% by postharvest 
treatments with the antagonistic K putida. 
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CHAPTER I 
INTRODUCTION 
A wide variety of plant species are affected by soft rot dis¬ 
eases throughout their development, but most losses occur after harvest 
during storage and transit. Losses may be quite high depending on the 
crop and severity of infection. Although actual losses are difficult 
to determine, estimates often reach 100 million dollars annually 
worldwide (Perombelon and Kelman, 1980). Several genera of bacteria 
possess the ability to incite soft rots, but the genus Erwinia is the 
most important. 
Currently most postharvest losses due to soft rot are reduced 
through the use of refrigeration systems. One alternative method of 
control is the introduction of biological control agents. Biological 
controls would reduce the importance of refrigeration systems. The 
saprophytic bacterium Pseudomonas putida has been shown to inhibit 
other microorganisms in vitro and has potential as a biological con¬ 
trol agent. The ability of other pseudomonads to control plant diseases 
has been demonstrated (Howell and Stipanovic 1979, 1980; Kawamoto and 
Lorbeer, 1976). 
The research presented here will investigate the ability of a 
Pseudomonas putida isolate with inhibitory activity toward soft rot 
Erwinia spp. to reduce postharvest soft rot of potatoes. The effect 
of this P. putida on yield will also be investigated. Additional re¬ 
search will attempt the isolation and characterization of the in¬ 
hibitory compound produced by putida. 
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CHAPTER II 
LITERATURE REVIEW 
Bacterization usually means the treatment of seeds or seedling 
roots with bacterial suspensions. These preparations are often called 
bacterial fertilizers in the literature. Although the survival of the 
inoculum in the soil was an assumed prerequisite for any beneficial 
effects of bacterization, the literature contains a paucity of experi¬ 
mental data supporting the survival of these inoculants in the soil 
(Brown, 1974). The practice has been in use in the Soviet Union for 
many years, but has only recently received attention in other parts 
of the world (Suslow ^ » 1979). The benefits of bacteri zati on in¬ 
clude improved plant development and yield, and the suppression of 
soil-borne pathogens. The use of Rhizobium spp. in bacterization of 
legume crops is well documented and will not be discussed here. The 
discussion will focus instead on several other genera including 
Azotobacter, Bacillus, and Clostridium with particular emphasis on 
Pseudomonas. 
Many researchers have shown that seed treatment results in in¬ 
creased growth and yield, particularly in cereals and vegetables. In 
a review of the Russian literature on bacterization Cooper (1959) re¬ 
counted increased yields in a variety of crops. Depending on the 
crop and bacterium employed, increases in yield ranged from 5 to 60 
percent. The bacterial genera most often used in these experiments 
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included Arthrobacter, Azotobacter, and Pseudomonas. Rhakno (1963) 
reported yields increased by 16% in wheat, 25% in potatoes, and 33% 
in cabbage by treating seeds with suspensions of Azotobacter. 
Increased yields of carrot, barley, wheat, and oats by inoculating 
seeds with cultures of Bacillus subtil is and/or Streptomyces griseus 
were recorded by Merriman ^ (1974). In addition to increased 
yield, some of the grains displayed increased tillering and advanced 
heading. Similar results were described for a variety of plants 
representing eight families following treatment of their seeds with 
a Bacil lus isolate (Broadbent _et ^1^., 1977). In greenhouse experiments 
a 25% increase in germination and in top weight was observed for most 
plants. Greater yields were reported in field trials for cabbage and 
soybeans treated with the same bacterium. 
Hayes ^ (1969) described experiments in which treatment of 
cultivated mushrooms (Agaricus bisporus) with a Pseudomonas putida 
isolate resulted in greater sporophore formation, and consequently 
yield. Field grown potatoes produced increased yields ranging from 
14 to 33% when treated with specific isolates of Pseudomonas fluorescens 
and putida (Burr ^ , 1978). In a series of field experiments 
yields of sugar beets, potatoes, and radishes were improved by 15, 
33, and 144%, respectively, by seed inoculation with plant growth pro¬ 
moting Ps^udomon^ spp. isolates (Suslow^^., 1979). Kavimandan 
and Gaur (1971) reported increased dry weight of corn treated with a 
pseudomonad. 
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Generally, results citing increased yields have been highly 
variable, and as a result times controversial (Brown, 1974; Burr 
et , 1978; Cooper, 1959; and Kloepper^^., 1980c). Variability 
of these results may be explained by differences in conditions for 
plant growth, such as soil moisture, temperature, soil microflora, 
and crop variety. In addition to their effect on plant growth, many of 
these factors may influence the efficiency of the bacterial inoculant 
to produce its effect (Brown, 1974; Kloepper^^., 1980c; and Broad- 
bent ^ , 1977). Greenhouse results are often greater and more 
consistent, presumably because environmental factors are more readily 
controlled (Brown, 1974; Burr ^ £]_., 1978; Cooper, 1959). 
Three mechanisms by which bacterization results in increased 
yields are recognized. These mechanisms are mineralization of phos¬ 
phates, release of plant growth hormones, and alteration of rhizosphere 
miroflora populations (Brown, 1974; Broadbent ^ , 1977; Kloepper 
and Schroth, 1981b). In most instances a combination of these mech¬ 
anisms is probably responsible for increased growth. 
Several researchers have speculated that increased plant growth 
is the result of mineralization of organic phosphates or the fixation 
of atmospheric nitrogen (Brown, 1974; Cooper, 1959; Gerretsen, 1948; 
Katznelson and Bose, 1959; Taha^^., 1969). The Russian literature 
contains numerous reports of improved plant growth, presumably, 
through the release of nutrients by a variety of bacterial inoculants 
(Cooper, 1959). Enhanced plant growth through nitrogen fixation by 
Azotobacter and through solubilization of organic phosphates by Bacillus 
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meqathermiurn var. phosphaticum was reported by several Russian scien¬ 
tists . 
Gerretsen (1948) demonstrated increased growth and phosphate 
uptake in oats, mustard, and sunflower in the presence of soil micro¬ 
organisms, but not in their absence. Improved growth and greater 
phosphate uptake in these plants was attributed to phosphate solu¬ 
bilization by soil microflora. Isolates of Bacillus megathermium 
increased growth and phosphate uptake of various vegetables in Egypt 
(Taha ^ , 1969). Corn inoculated with a Pseudomonas isolate re¬ 
sulted in increased dry weight and phosphate content, while a Baci11 us 
isolate was ineffective (Kavimandan and Gaur, 1971). 
Several researchers (Katznelson and Bose, 1959; Katznelson ^ 
al., 1962; Louw and Webley, 1959; Raghu and MacRae, 1966) have isolated 
bacteria from the soil capable of solubilizing phosphate on artificial 
media, and have assumed they would likewise solubilize phosphate in 
the soil. Since these bacteria multiply in the rhizosphere of plants, 
these authors have suggested they may play a role in phosphate nutri¬ 
tion of these plants and result in enhanced plant growth. However, 
conclusions based on in vitro experimentation are not proof that 
these bacteria solubilize phosphate in the soil (Ramirez-Martinez, 1968) 
Besides the inability to correlate conclusions from in vitro 
experiments with actual soil situations, reports attributing increased 
growth to the mineralization of soil phosphate are controversial for 
other reasons. It is difficult to prove that the greater amount of phos 
phate being taken up is the result of bacterial action (Brown, 1974). 
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Convincing evidence that bacteria influence ion uptake has been pre¬ 
sented (Lynch, 1982), but proof of greater ion availability through 
bacterial metabolism has not been provided. Perhaps increased phos¬ 
phate content of inoculated plants is the result of increased absorp¬ 
tion, not greater availability. Martin (1973) has shown that bacteria 
from wheat rhizospheres had no effect on the availability of phosphorus 
from radioactively labelled inositol phosphate, a major component of 
soil organic phosphate. 
Another criticism of the importance of bacterial mineralization 
of nutrients is the quantity of nitrogen and phosphorus made available. 
The total amount of nitrogen and phosphorus solubilized is very small 
and could not account for the observed differences in plant growth 
(Burr^£]_., 1978; Cooper, 1959; Kloepper and Schroth, 1981b). These 
researchers feel bacterial solubilization of nutrients is insignificant 
to total plant nutrition. Furthermore, greater yield increases are 
often achieved in fertilized soils which makes the amount of nutrients 
available through bacterial metabolism even less significant (Brown, 
1974; Jensen, 1942). 
The nonreproducibility of results, lack of proper statistics, 
and insufficient numbers of replicates of many of these experiments 
are often cited as failures (Jensen, 1942). The inability to verify 
the establishment of the introduced bacteria in the rhizosphere is a 
major deficiency in much of this research (Jensen, 1942; Kloepper et al., 
1980c). One final controversy focuses on the manner in which some 
authors (Gerretsen, 1948; Kauimandan and Gaur, 1971; Taha et , 1969) 
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express their data. These authors expressed phosphate content on a 
milligram per plant basis, instead of milligram per dry weight of the 
plant. As pointed out by Brown (1974), perhaps bacterial metabolism 
of plant growth regulators resulted in improved growth and as a result 
greater phosphate uptake. Expressing data on a milligram per plant 
basis fails to recognize any increase in growth. 
The role of plant growth regulators in increasing yields has 
been less controversial than the mineralization of soil nutrients. 
Many bacterial isolates from plant rhizospheres have been shown to 
produce auxin- or gibberel 1 in-1 ike compounds on culture media (Brown, 
1972; Brown and Burlingham, 1968; Hussain and Vancura, 1970; Jackson 
^ , 1964; Katznelson and Cole, 1965; Katznelson and Sirios, 1961; 
Vancura, 1961). However, these authors have failed to show produc¬ 
tion of these compounds in the rhizosphere, so any inferences that 
growth regulators are responsible for enhanced plant growth are cir¬ 
cumstantial. The Russian literature contains numerous reports of bac¬ 
teria, including Bacillus, Pseudomonas, and Azotobacter, with the 
ability to produce growth promoting compounds that may be involved in 
increased growth responses (Cooper, 1959). 
Brown (1972) isolated from the rhizosphere of wheat plants 
several bacteria which produce gibberel 1 in- and auxin-type compounds 
that increased the length of pea internodes and the extension of wheat 
hypocotyls. Since plants grown in soil amended with growth regulators 
in the absence of soil bacteria developed like those in the presence 
of bacteria, it was concluded that growth regulators produced by the 
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bacteria were responsible for the growth responses observed in the 
plants. Some of the bacteria included in this study included several 
pseudomonads. Similar results were reported by Jackson ^ (1964) 
from the inoculation of tomato plants with Azotobacter. Increased 
plant growth, larger internode elongation, and greater leaf expansion 
were observed in plants treated with the bacterium or with gibber- 
ellins in the absence of the bacterium, but not in control plants. 
Pseudomonads, arthrobacters, and actinomycetes were shown by 
Katznelson and Cole (1965) to produce gibberellin-like compounds. The 
addition of these compounds directly to the soil failed to promote 
growth, and they were presumably inactivated. The authors concluded 
these compounds would have to be produced at the root surface to pro¬ 
duce their growth promoting effects before degradation occurred. 
Many bacteria, including several pseudomonads, which produced 
gibberellin- and auxin-like growth promoting compounds were isolated 
from corn rhizospheres (Hussain and Vancura, 1970). The types and quan¬ 
tities of growth promoting compounds differed even between bacterial 
isolates of the same species. Many of the bacteria and/or their 
cultural supernatants significantly stimulated seed germination and 
seedling growth. 
Eklund (1970) reported that the inoculation of peat grown cu¬ 
cumber seedlings with a pseudomonad resulted in increased leaf expan¬ 
sion and internode elongation, but not improved yields. These effects 
were attributed to the combined action of gibberellin production and 
the formation of quinones or other phenolic compounds. Quinones have 
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been shown to give some protection against plant pathogens (Lyr, 
1965), and to be involved in the humification of soils (Eklund, 1970). 
It has been suggested that an increase in the water soluble humic frac¬ 
tion around plant roots will increase plant growth, but this conclu¬ 
sion is speculative at this time because of the number of undetermined 
interactions between the humus, minerals, and soil which could also 
stimulate growth (Brown, 1974). 
Changes in rhizosphere microflora is the third mechanism through 
which bacterization may cause enhanced plant growth responses (Broad- 
bent ^ , 1977; Burr ^ , 1978; Kloepper and Schroth, 1981b, 
1981c; Suslow^aJ^., 1979; Suslow and Schroth, 1982a). Improved plant 
growth may result from reductions in deleterious microflora or the 
"saprophytic pathogens" which lessen plant growth (Suslow and Schroth, 
1982a; Kloepper and Schroth, 1982c). In the last five years improved 
plant growth through the alteration of indigenous rhizosphere micro¬ 
flora has received more attention because of some excellent work by 
Schroth and his coworkers in California. 
Increased growth and greater yields were observed in potatoes, 
radishes, and sugar beets through bacterization (Burr^^., 1978; 
Kloepper ^ , 1980c; Suslow 1979; Suslow and Schroth, 
1982b). Potatoes experienced increased stolon length, earlier tuber 
set, greater fresh weight of roots and shoots, as well as enhanced 
yields. Yield increases varied from 17 to 33% (Burr et 1978; 
Kloepper ^ al., 1980c; Suslow 1979). Significant increases 
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deleterious bacteria and enhanced plant growth. This research veri¬ 
fies the existence of deleterious microflora which suppress plant 
growth, and the ability of introduced bacteria to reduce their colon¬ 
ization and to stimulate plant growth. 
Throughout these experiments Schroth and his colleagues utilized 
antibiotic resistant marked bacteria to follow their colonization and 
survival in the rhizosphere. Proof of the survival of the introduced 
bacteria provides additional evidence for their involvement. The 
results of these experiments strongly support the ability of bacteri- 
zation agents to enhance plant growth through the alteration of rhizo¬ 
sphere microflora populations. 
The antagonistic ability of the plant growth promoting bacteria 
used by these workers has been attributed to their ability to complex 
iron (Kloepper ^ , 1980a; Kloepper^^., 1980b). These pseudo¬ 
monads produce siderophores, microbial iron transport agents, which 
chelate iron in the soil making it unavailable to soil microflora. 
Without iron the growth of the indigenous microflora is inhibited. 
Although stimulation of plant growth was not investigated, other 
researchers have studied the ability of saprophytic pseudomonads to 
influence the growth of other bacteria. Sieburth (1967) showed a 
distinct relationship between populations of pseudomonads and arthro- 
bacters in sea water. When populations of pseudomonads were high, the 
numbers of arthrobacters were suppressed and vice versa. The pseudo¬ 
monads were found to produce an agglutinating compound, as well as 
an inhibitory compound, which reduced arthrobacter populations. Soil 
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in seedling weight, root weight, total sucrose, and actual yield were 
reported for sugar beets (Suslow et al., 1979; Suslow and Schroth, 
1982b). Because of the antagonistic ability of the pseudomonads 
used in these experiments, changes in soil microflora populations 
were considered to be the mechanism (Burr ^ , 1979; Suslow and 
Schroth, 1982a; Suslow 1979; Schroth and Hancock, 1982). 
Through a series of experiments Schroth and his colleagues have 
been able to substantiate their theory. Antibiotic negative mutants 
were unable to stimulate plant growth observed with wild types. Seed 
treatment with wild-type bacteria resulted in reductions in the number 
of fungi and gram-positive bacteria in the root zone, while antibiotic 
negative mutants failed to cause these reductions (Kloepper and 
Schroth, 1981c). Gnotobiotic techniques were utilized in another 
experiment to substantiate the role of the introduced bacteria in 
altering rhizosphere microflora to enhance plant growth (Kloepper and 
Schroth, 1981b). When grown under gnotobiotic conditions radish seeds 
treated with plant growth promoting bacteria failed to display increased 
growth. Under nonsterile conditions inoculated seeds showed improved 
growth not observed with uninoculated seeds. 
In another experiment Suslow and Schroth (1982b) isolated dele¬ 
terious bacteria from sugar beet roots that suppressed seed germination 
and caused root lesions, root distortions, greater infection by root 
colonizing fungi, and significant reductions in seedling growth. 
Coinoculation of seeds with growth promoting bacteria and growth sup¬ 
pressive deleterious bacteria resulted in less colonization by 
12 
isolates of the same bacteria displayed similar inhibitory and ag¬ 
glutinating activity. 
In some related research the growth of Arthrobacter spp. was sup¬ 
pressed in the presence of soil pseudomonads in mixed culture experi¬ 
ments (Chan and Katznelson, 1961). The release of a toxic compound and 
the formation of acidic conditions by the pseudomonads were responsible 
for inhibition of the Arthrobacter spp. These results were used to ex¬ 
plain the dominance of gram-negative bacteria (i.e.. Pseudomonas spp.) 
over gram-positive bacteria (i.e., Arthrobacter spp.) observed in rhizo- 
sphere microflora studies. Although this system is an oversimplifica¬ 
tion of the complex soil environment, it does somewhat reflect the nature 
of microbial interactions at the root surface. This research and the 
work of Sieburth (1967) demonstrate the ability of microorganisms to 
influence the growth of other organisms, which may explain how bacteri- 
zation results in improved plant growth. 
Just as changes in rhizosphere microflora populations via bac- 
terization may result in increased yield, they may also result in 
suppression of plant disease. This concept was recognized by Jensen 
(1942) while reviewing the early research of improved plant growth 
and yield through bacterization. Since that time many researchers have 
reported disease reductions as a consequence of bacterization with an¬ 
tagonists to plant pathogens. A variety of bacterial genera have been 
utilized, but the emphasis here will be on the use of pseudomonads 
as biological control agents. 
Mitchell and his colleagues (Mitchell and Alexander, 1961a; 
Mitchell and Alexander, 1961b; Mitchell and Hurwitz, 1965) investigated 
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the effects of lytic bacteria on the development of Pythiurn and Fusari- 
um diseases. The addition of chi tin with the bacteria was found to 
reduce bean root rot caused by £. solani f. sp. phaesoli and wilt of 
radishes caused by £. oxysporum f. sp. conglutinans. The authors 
suggested that chi tin stimulated the growth and lytic activity of the 
introduced bacteria. In another experiment the introduction of lytic 
Arthrobacter spp. was able to suppress Pythiurn damping-off of tomato 
by 37% through seed treatment, but not by adding the bacteria as a 
soil drench (Mitchell and Hurwitz, 1965). The same bacteria controlled 
Fusarium wilt of tomato in sterile soil, but not nonsterile soil. 
Charcoal rot of potatoes caused by Macrophomina phasedina and 
Botryodiploidia solani-tuberosi was managed by dipping seed pieces in 
a suspension of antagonistic Bacillus subtil is (Thirumalachar and 
O'Brien, 1977). Only 6% of the treated tubers developed charcoal rot, 
compared to 20% of the controls. Another Bacillus subtil is isolate 
caused increased yields, improved stand density, and reduced stalk 
rot caused by Fusarium roseum "Graminearum." This isolate was more 
effective under moist soil conditions (Kommedahl and Mew, 1975). In 
some work by Pusey and Wilson (1982) various postharvest rots of stone 
and pome fruits were controlled by inoculation with antagonistic 
Baci11 us isolates. 
Application of bacterial antagonists to aerial plant parts may 
reduce foliar disease progression. Beans were protected from Pseudo¬ 
monas phaseolicola when treated with suspensions of Pseudomonas 
fluorescens prior to inoculation with the pathogen (Teliz-Ortiz and 
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Burkholder, 1960). Disease severity was not reduced if the antagonist 
was applied after the pathogen. Leaf streak of rice caused by Xantho- 
monas translucens was controlled by introduction of antagonistic pseu¬ 
domonads, Erwinias, or Aspergi11 us. Symptom development was reduced 
if the antagonists were applied after the pathogen, but greater control 
was observed if the pi ants were inoculated with the antagonists before 
the pathogen (Rao ^ , 1978). Two strains of Baci11 us megatheriurn 
with inhibitory activity toward the jute pathogen Colletotrichum 
corchori were isolated from the phylloplane of jute leaves. The appli¬ 
cation of these bacteria reduced the production and spread of £. corchori 
lesions on jute leaves (Purkayastha and Bhattacharyya, 1982). 
The use of bacterial antagonists to control Fusarium wilt of 
carnations has been investigated by several researchers (Aldrich and 
Baker, 1970; Koths and Gunner, 1967; Michael and Nelson, 1972; Sneh, ^ 
1981). Aldrich and Baker (1970) were able to reduce symptom develop¬ 
ment in carnations by dipping stem cuttings in a suspension of Baci11 us 
subti1is or by incorporation of the bacterium in a perlite rooting 
medium. Only 16.7% of the treated cuttings developed symptoms, com¬ 
pared to 54.2% of the untreated cuttings. Similar results were re¬ 
ported using a suspension of Arthrobacter (Koths and Gunner, 1967). 
This bacterium provided better control when chi tin was added to the 
rotting medium. A pseudomonad isolate was effective in reducing lesion 
development on cuttings when used as a dip, but not when incorporated 
in the planting soil (Michael and Nelson, 1972). Treatment of a 
planting mix with chitinolytic Arthrobacter and Serratia isolates 
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suppressed £. oxysporum f. sp. dianthi infection of carnations 
(Sneh, 1981). Better results were obtained in the greenhouse than 
in the field. 
During an investigation of bacterial blotch of cultivated mush¬ 
rooms (Agaricus bisporus) caused by Pseudomonas tolassii Nair and 
Fahy (1972) isolated one Enterobacter and two Pseudomonas spp. which 
demonstrated inhibitory activity toward the pathogen. Irradiated 
peat inoculated with these antagonists reduced disease expression and 
increased sporophore formation (Nair and Fahy, 1976). Greater spora- 
phore formation was the result of growth regulators released by the 
introduced bacteria. 
Onion seedlings were protected from preemergent damping-off 
caused by Fusarium oxysporum f. sp. cepae by treatment with Pseudomonas 
cepacia (Kawamoto and Lorbeer, 1976). Seedling emergence of treated 
seeds with £. cepacia was increased by approximately 50% in two of 
three soils. These results are somewhat surprising since some strains 
of £. cepacia are pathogenic on onions. Pseudomonas cepacia was also 
used to protect containerized Douglas-fir seedlings from Fusarium oxy¬ 
sporum (Sinclair ^ a£., 1982). Treated seedlings had fewer root 
lesions, longer roots, improved height, and greater weight than non- 
treated controls. Even better results were obtained by inoculating 
seedlings with the ectomycorrhizal fungus, Laccaria laccata. 
Howell and Stipanovic (1979; 1980) effectively controlled 
Pythium and Rhizoctonia induced damping-off of cotton by treating seeds 
with antagonistic antibiotic producing pseudomonads. Rhizoctonia 
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damping-off was reduced by 50%, while Pythium rots were reduced by 35%. 
Preparations of the purified antibiotics, pyroolnitrin and pyolutcorin, 
were also effective at suppressing disease when applied as seed treat¬ 
ments . 
For diseases, such as fire blight, crown gall, and Dutch elm dis¬ 
ease, traditional control practices were ineffective or nonexistent. 
Because of the widespread occurrence and economic importance of these 
diseases, researchers were forced to search for alternative control 
measures such as the introduction of antagonistic organisms. Bacterial 
antagonists have been utilized and/or proposed for the management of 
each of these diseases. 
Biological control of fire blight has focused on the use of 
Erwinia herbicol a, a bacterium closely related to the causal agent, 
Erwinia amylovora. The inhibitory activity of herbicol a is often 
related to its ability to produce bacteriocins. Application of an 
Erwinia herbicol a isolate prior to pathogen introduction was effective 
in controlling fire blight in both greenhouse and field trials (Higgle 
and Klos, 1972). Disease control ranged from 13-50%. Similar results 
were obtained using three different saprophytic pseudomonads and an 
En^inia isolate (Thomson ^ , 1976). Beer ^ al. (1981) reported 
the suppression of fire blight symptoms of apple trees using various 
E. herbicol a isolates. In these experiments both wild-type bacteriocin- 
producing bacteria and bacteriocin-negative mutants were effective in 
reducing symptom expression. These data suggested that bacteriocin 
production is unimportant to the inhibitory action of £. herbi col a in 
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the orchard. 
The potential use of bacterial antagonists to control Dutch elm 
disease has only recently been explored. An unidentified bacterium 
isolated by Dietz ^ (1981) destroyed synnemal heads of Cerato- 
cystis ulmi in vitro, thus reducing pathogen inoculum. These results 
implied a possible role for the bacterium in biological control. 
Pseudomonas syringae has been proposed as an agent to control Dutch 
elm disease by several researchers (Myers and Strobel, 1981; Strobel 
and Lanier, 1981; and Strobel and Myers, 1981). Injection of one-year- 
old elm seedlings with syringae reduced the extent of vascular dis¬ 
coloration when subsequently challenged with ulmi (Myers and Strobel, 
1981). In another experiment trees showing approximately 20% crown 
damage due to Dutch elm disease were injected with syri ngae. After 
two growing seasons seven of twenty-two injected trees showed no fur¬ 
ther decline, while twenty-one of twenty-two control trees died (Strobel 
and Myers, 1981). Early injections of the antagonist before extensive 
colonization by the fungus are required to stop the decline. Although 
these data have not provided conclusive evidence, they have encouraged 
additional studies on the feasibility of IP. syri ngae injections for the 
control of Dutch elm disease. 
Several researchers (Cooksey and Moore, 1980; Moore, 1977; New 
and Kerr, 1972; Schroth and Moller, 1976) have used antagonists to 
prevent crown gall infection of various plants. The incidence of gall¬ 
ing on mazzard cherry seedlings was reduced through the inoculation with 
isolates of PeniciIlium, Aspergi1lus, Baci1lus , Pseudomonas, and Agro- 
bacteriurn radiobacter (Cooksey and Moore, 1980). Agrobacteriurn 
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rad1obacter strain 84 was the most effective antagonist. The effec¬ 
tiveness of Agrobacteriurn radiobacter in controlling crown gall has 
been reported by others (Kerr, 1980; Moore, 1977; New and Kerr, 1972; 
Schroth and Moller, 1976). New and Kerr (1972) published the first 
report on the control of crown gall by strain 84 of _A. radiobacter. 
Galling was reduced from 79% to 31% on peach seedlings grown from 
treated seeds. Although the exact mechanism of inhibition was not de¬ 
termined, it was not through competition with the pathogen. Similar 
results were obtained by Schroth and Moller (1976). In field trials 
with cherry seedlings only 11% developed galls when treated with _A. 
radiobacter compared to 75% not treated with the antagonist (Moore, 
1977). 
Commercial preparations of A. radiobacter strain 84 (Agrocin 84) 
are now available for the control of crown gall. This represents the 
first and only commercial use of a bacterium to control a plant dis¬ 
ease (Kerr, 1980). The mechanism of control by strain 84 is presuma¬ 
bly through the production of an antibiotic compound which is inhi¬ 
bitory against most pathogenic agrobacteria. The development of this 
antagonist and its mechanism of inhibition was recently reviewed 
(Kerr, 1980). Recently problems with the effectiveness of strain 84 
in controlling disease have been reported (Alconero, 1980). Tumor- 
inducing Agrobacterium isolates resistant to the antibiotic produced 
by strain 84 were found in peach orchards in southern United States. 
These isolates were able to induce gall formation in the presence of 
strain 84. 
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Disease suppressive soils present good examples of the involvement 
of rhizosphere microflora in disease reduction. Although the antagon¬ 
istic microflora in disease suppressive soils are not artificially 
introduced into the soil, they provide some credibility to the process 
of bacterization. The involvement of pseudomonads in disease suppres¬ 
sive soils has been advanced by numerous investigators (Cook and 
Rovira, 1976; McCain ^ , 1980; Scher and Baker, 1980; Schroth and 
Hancock, 1982; Smiley, 1978a; 1978b; 1979 ; Weller and Cook, 1981). 
Pseudomonads were implicated as antagonists in take-all suppressive 
soils by Cook and Rovira (1976) because a) of one hundred bacterial 
isolates from wheat roots only eight, all pseudomonads, were as effec¬ 
tive as suppressive soil in protecting wheat seedlings from Gaeumanno- 
myces graminis infection in pot assays, b) antagonism could be eliminated 
from suppressive soils by heating to 60° for 30 minutes which also 
kills pseudomonads, c) suppressive soils contain higher populations of 
pseudomonads than conducive soils, and d) lysis of Gaeumannomyces 
graminis hyphae on wheat roots occurred in association with bacteria 
whose description fits that of pseudomonads. Additional evidence was 
provided by Smiley (1979). He isolated highly antagonistic pseudomonads 
from suppressive soils, but not nonsuppressive soils, and demonstrated 
that pseudomonad antagonism ratings were inversely related to take-all 
severity in suppressive soils, but not conducive soils. 
Take-all of wheat caused by Gaeumannomyces graminis was controlled 
by applying fluorescent pseudomonads isolated from wheat roots grown 
in suppressive soils to the seed or to the soil (Weller and Cook, 1981). 
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In addition to reducing disease, these bacteria also increased plant 
height, and improved yield. In another experiment, laboratory inocu- 
lation of wheat seeds with a Pseudomonas putida isolate protected the 
seedLrhgs from graminis infection. Dry weights of shoots of treated 
seeds were 15 to 80% higher (Vrany ^ , 1981). 
Several researchers (McCain ^ , 1980; Scher and Baker, 1980; 
Schroth and Hancock, 1982) have demonstrated a role for pseudomonads 
in the development of Fusarium-wi1t suppression soils. Scher and Baker 
(1980) showed that addition of pseudomonads from wilt suppressive soils 
to conducive soils reduced the incidence of wilt. Additional evidence 
supporting a role for pseudomonads in wilt-suppressive soils includes 
the ability to prepare suppressive soils by adding small amounts of 
suppressive soils to conducive soils (McCain ^ £l^., 1980; Scher and 
Baker, 1980) and the ability to eliminate soil suppress!veness by soil 
sterilization which kills pseudomonads (Scher and Baker, 1980). 
These data clearly suggest the involvement of pseudomonads in 
disease suppressive soils, but definitive conclusions are not possible. 
As pointed out by Schroth and Hancock (1982), soils are most likely 
suppressive because of the activity of a variety of microorganisms 
which are favored by interactions with the environment and with other 
microorganisms. However, the benefits of disease suppressive soils can 
be obtained if key microorganisms, such as pseudomonads, are identified 
and manipulated under proper conditions. 
Many of these disease control situations by introduced bacteria 
are related to their ability to produce inhibitory compounds. 
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Pseudomonads are the major group of microorganisms producing secondary 
metabolites with antibiotic activity. These secondary metabolites 
possess a variety of chemical structures including phenazines, fluor¬ 
escent pigments, and several phytotoxins (Leisinger and Margraff, 1979). 
Although the exact role of these compounds in nature is not understood, 
data suggest an involvement in the suppression of other microorganisms 
occupying the same environment. 
Chan and Katznelson (1961) followed the growth of a soil pseudo¬ 
monad and an Arthrobacter sp. in mixed culture. The population of the 
Arthrobacter sp. was suppressed through the release of a combination of 
inhibitory compounds. These results were used to explain why pseudo¬ 
monads are dominant over Arthrobacter spp. in plant rhizospheres. In 
some related research a pseudomonad from sea water was found which pro¬ 
duced an inhibitory and an agglutinating compound toward arthrobacters 
(Sieburth, 1967). The author suggested this may be why Arthrobacter 
populations are suppressed in the presence of pseudomonad populations 
in sea water. 
A pseudomonad from bean rhizosphere produced an apparently unique, 
but unknown, antibiotic which was effective against a variety of plant 
pathogenic fungi (Ayers and Papavizas, 1963). Inoculation of buck¬ 
wheat seeds with either the bacterium or its antibiotic reduced colon¬ 
ization by Rhizoctonia. Chinn (1954) isolated a Pseudomonas viscosa 
from wheat which produced an antibiotic that was inhibitory in vitro 
against a variety of gram-positive and gram-negative bacteria and several 
fungi, including the wheat pathogens Helminthosporium sativum and 
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Fusarium culmorum. 
The antibiotic tropolone was produced by a pseudomonad from ber- 
muda grass (Lindberg, 1981). The antibiotic was lethal toward many 
plant ..pathogenic fungi, including Helminthosporium, A1 ternaria, Fusar- 
ium, Diploidia, and Rhizoctonia. A variety of bacteria, including some 
plant pathogens, were inhibited in vitro by a lytic pseudomonad 
(Zyskind ^ , 1965). Erwinia carotovora was not lysed by this bac¬ 
terium. The lytic compound was not isolated or identified. 
Two different strains of Pseudomonas fluorescens with inhibitory 
activity were recovered from the rhizosphere of cotton plants (Howell 
and Stipanovic, 1979; 1980). One strain produced the antibiotic pyrro- 
Initrin which was inhibitory toward Rhizoctonia (Howell and Stipanovic, 
1979), while the other isolate produced the antibiotic pyoluteorin 
which was active against Pythium (Howell and Stipanovic, 1980). Appli¬ 
cation of the bacteria or their antibiotic to cotton seed controlled 
damping-off of seedlings caused by Rhizoctonia and Pythium. 
The ability of several natural and synthetic phenazines to inhibit 
a variety of rice pathogens was examined (Oda ^ , 1966). These 
compounds, differing in activity spectra, were able to inhibit the 
growth of several fungi, including Piricularia oryzae, A1ternaria kiku- 
chiana, and Pellicularia filamentosa. However, since many of these 
compounds caused foliar damage to rice plants, their potential for 
application in the field to control disease is limited. 
Some species of Pseudomonas produce phytotoxins which often have 
antibiotic activity. Some of the species and their respective 
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phytotoxins include K syringae and syringomycin, tabaci and tabtoxin, 
and phaseo!icola and phaseotoxin (Leisinger and Margraff, 1979). 
Sinden ^(1971) demonstrated the biocidal action of syringomycin 
against six genera of bacteria and four genera of fungi. Some of the 
inhibited organisms included Geotrichum candidum, Streptomyces scabies, 
Agrobacteriurn tumefaciens, Corneybacteriurn michiganense, and Xantho- 
monas malvacearum. Because of the phytotoxic activity of these com¬ 
pounds, they should be applied judiciously for the control of plant 
pathogens. 
Fluorescent pigments produced by pseudomonads often have antibio¬ 
tic activity. Several researchers (Kloepper ^ ^ 1980a; 1980b; 
Misaghi ^ 1982) have shown the antibiotic nature of these pigments 
was related to their ability to complex environmental iron. The com- 
plexed iron is unavailable for soil microflora metabolism. As a result 
their growth is inhibited. This mode of action has been suggested as 
the mechanism through which pseudomonads caused increased growth and 
yield of crops (Kloepper^^, 1980a; Schroth and Hancock, 1982), and 
result in suppressive soils (Kloepper^^, 1980b; Schroth and Hancock, 
1982). 
This review clearly demonstrates that bacterization can result in 
increased growth and yield, and in disease suppression. The research 
presented here will investigate the effects of seed potato treatments 
with a Pseudomonas putida isolate that has antibiotic activity on yield 
and on postharvest soft rot development. Additional research will 
focus on the isolation and characterization of the antibiotic compound 
produced by P^. putida. 
CHAPTER III 
MATERIALS AND METHODS 
Suitability of Pseudomonas putida (M17) as a Bacterization Agent 
^ijrowth inhibition of Erwinia spp. The ability of Pseudomonas 
putida (isolate Ml 7) to inhibit the growth of several plant pathogenic 
Erwinia spp. was tested using a modification of the overlay procedure 
outlined by Vidaver (1972). 
One drop (approximately 0.05 ml) of putida (Ml7) from an 
overnight culture was spotted in the center of a petri plate containing 
approximately 25 ml of nutrient agar (Difco). The plates were incu¬ 
bated for 48 hr at 24^0 after which the plates were chloroformed for 
one hour to kill the P^. putida (Ml7). Chloroforming involved invert¬ 
ing the petri plate over a glass petri dish containing a disc of 
filter paper saturated with chloroform. After chloroforming the plates 
were left standing for 30 min to allow any remaining chloroform to 
dissipate so the indicator bacteria are not killed. 
During the chloroforming screw cap culture tubes containing 3.2 
ml of sterile soft agar (0.5% water agar) were placed in a boiling 
water bath until the agar melted and then placed in a water bath at 
45 to 50OC. Upon completion of chloroforming the melted agar was in¬ 
oculated with 0.1 ml of an overnight culture of the indicator bacterium. 
The indicator bacteria tested are listed in Table 1. The inoculated 
soft agar was then poured over the chloroformed P^. putida (Ml7) and 
incubated at 24°C. After 24 hr the zone of inhibition was measured 
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Table 1. List of Erwinia isolates tested for growth inhibition by 
Pseudomonas putida (isolate M17) • 
Organ!sm Strain Source 
E. carotovora subsp. atroseptica SR8 A. Kelman 
E. carotovora subsp. carotovora E129 G. Lacy 
E. carotovora subsp. carotovora ECU R. Dickey 
E. carotovora subsp. carotovora EC311 R. Dickey 
E. carotovora subsp. carotovora SRI 7 A. Kelman 
E. carotovora subsp. carotovora SR53 G. Lacy 
E. carotovora subsp. carotovora SR259 A. Kelman 
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from the edge of the putida (Ml7) colony to where the indicator 
lawn began. All tests were done in triplicate. 
Pathogenicity on potato. Before using putida (Ml 7) for 
bacterization of potato in the field, it was necessary to determine 
its pathogenicity to potato. 
Commercially obtained potato tubers were surface sterilized in 
95% ethanol for 15 min. A small plug was removed aseptically from 
each tuber and the wound inoculated with 0.1 ml of an overnight cul¬ 
ture of P^. puti da (Ml 7) grown on nutrient broth (Difco). The plugs 
were replaced, sealed with petroleum jelly (Vaseline), each tuber 
wrapped in wet paper toweling to stimulate anaerobic conditions, and 
incubated at 22^0. Control tubers were inoculated with Erwinia 
carotovora subsp. carotovora (EC14) or distilled water. The tubers 
were examined for soft rot after 5 and 7 days. 
Greenhouse trials. Before using putida (Ml7) for bacteriza¬ 
tion in the field, its ability to colonize potato roots was tested 
in the greenhouse. 
Commercially obtained potato tubers were cut and soaked for 15- 
20 min in an overnight culture of IP. puti da (M17) (approximately 
10^ cfu/ml), and planted in steamed soil in six-inch pots. Once potato 
shoots had emerged from the soil the plants were unearthed and excess 
soil removed. Ten grams of root tissue were placed in a flask contain¬ 
ing 100 ml of sterile distilled water and serially diluted. One-tenth 
ml of each dilution was plated in triplicate on Pseudomonas F agar 
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(Difco) to determine the population of putida (M17). This procedure 
was repeated on a weekly basis for several weeks using replicate 
pi ants. 
Bacterization Studies 
Potato cultivation. A research plot measuring approximately 
100 ft by 120 ft was prepared for planting during the last week of 
April. Preparation included tilling, discing, and fertilization. Fer¬ 
tilizer (5-10-10) was broadcast at a rate of 1600 Ibs/acre. The field 
was then divided into plots approximately 9 ft (3 rows) by 15 ft. 
Spacing between individual plots was 3 ft on every side. 
During the first week of May the potatoes were planted in a ran¬ 
domized block design. There were ten blocks with each treatment re¬ 
peated twice within each block for a total of sixty individual plots. 
Three treatments were used to examine the effect of bacterization on 
plant growth and yield, and on potential postharvest soft rot: (1.) 
control in which tubers were not treated, (2.) antibiotic producing 
f.* puti da (Ml 7), (3.) antibiotic negative puti da (M74). The anti¬ 
biotic negative treatment was included to determine if any differences 
between the control and the putida (Ml 7) (antibiotic positive) 
treatment could be attributed to the antibiotic producing capability 
of the introduced bacterium. 
Certified "Superior" seed pieces from Maine were cut so each 
seed piece had two or three eyes. The seed pieces were soaked in the 
appropriate bacterial suspension for 15-30 min and planted in three 
28 
foot rows with approximately nine inches between seed pieces. Prior 
to planting aldicarb (Temek) was applied to the furrows for Colorado 
potato beetle control. 
Following planting the seed pieces were buried at a depth of 
three inches and irrigated to foster survival of the introduced 
bacteria. Throughout the season irrigation by overhead sprinklers was 
practiced to maintain soil moisture at levels conducive to bacterial 
survival. About 2 or 3 weeks after planting, when shoots first appeared 
above the ground, the potatoes were hilled by hand. The plants were 
hilled again several weeks later. 
Starting in early June the plants were sprayed on ten day inter¬ 
vals with a mixture of mancozeb (Manzate) and fenvalerate (Pydrin). 
The mancozeb was applied for early blight (Alternaria solani) and late 
blight (Phytophthora infestans) control, while fenvalerate was applied 
for Colorado potato beetle control. Plants which appeared virus- 
infected were rogued. 
In late August the vines were killed with dinoseb (Dow General). 
After 10 to 14 days tubers were manually harvested, and stored at 58 
to 60®C in 95 to 100% relative humidity to encourage suberization as 
suggested by the United States Department of Agriculture (Lutz and 
Hardenburg, 1977). Approximately 2 weeks later the temperature was 
lowered to 38 to 40°C to promote longer storage life of the tubers. 
Bacterization of seed pieces. Bacterial suspensions for bac- 
terization were prepared in the following manner. Several liters of 
putida (Ml 7 and M74) were grown at 28*^0 in nutrient broth amended 
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with 0.4% technical casamino acids (Difco). The cultures were pelleted 
by centrifugation at 10,000 g and resuspended in distilled water. 
o 
Resuspended cultures were adjusted to populations of 10 cfu/ml. 
Glycerol was added at a concentration of 0.1% to act as a nutrient 
source, and 0.1 M MgSO^ to aid in the survival of the bacteria. 
Development of antibiotic negative bacteria. To determine 
whether any of the observed effects on yield and/or postharvest soft 
rot potential were associated with antibiotic production by the bac¬ 
terium, an antibiotic negative mutant (M74) was produced through nitro- 
soguanidine mutation. The mutation procedure was a modification of 
the technique outlined by Adelburg, Mandel, and Chin (1965). 
Pseudomonas putida (ril7) was grown overnight in a glycerol- 
minimal salts medium (1.0% glycerol; 0.15% KH2P0^; 0.715% Na2HP0^ 
0.3% (NH^)2S0^; 0.02% M S0^-7H20 - glycerol and M SO^ were prepared 
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and sterilized separately and added to the rest of the media after 
autoclaving). One ml of this culture was transferred to 50 ml of the 
same medium in a side-arm flask. The flask was incubated in a shaking 
water bath at 28°C. Bacterial growth was monitored by spectrophoto¬ 
meter readings at 600 nm in 15 min intervals. When culture density 
was doubling every 15 min, approximately 10 ug of N-methyl-N^-nitro- 
N-nitrosoguanidine was added to the flask. The culture was then incu¬ 
bated with shaking for 45 more minutes. 
After the additional incubation several 10 ml samples of the 
culture were centrifuged to pellet the cells. The pelleted cells were 
washed in minimal salts to remove the nitrosoguanidine. Bacterial 
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cells were recentrifuged and suspended in glycerol-minimal salts medium. 
The culture was allowed to grow until a population of 10^ cfu/ml was 
obtained and then serially diluted. One-tenth ml of each dilution was 
plated in triplicate on Pseudomonas F agar. 
Individual colonies were replicated on Pseudomonas F agar plates 
and incubated for 48 hr. These colonies were tested for antibiotic 
production using the overlay technique outlined previously. 
Genetic marking of Pseudomonas putida (Ml 7). In order to follow 
the colonization of potato roots and stolons by the introduced bacteria, 
?-• putida was genetically marked for antibiotic resistance according 
to the procedure of Kloepper, Schroth, and Miller (1980c). One loop¬ 
ful of £. putida (Ml7 and M74) was suspended separately in 10 ml of 
sterile distilled water and vortexed. Six plates of Pseudomonas F 
agar were each inoculated with 0.1 ml of the suspension. After a 2 hr 
incubation period at 27°C, 0.1 or 0.3 ml of 100 ug/ml rifamycin sv 
(Sigma) was placed at the center of each of three plates. Three other 
plates were spotted with 0.1 or 0.3 ml of 1000 ug/ml rifamycin sv. 
Following a 48 to 72 hr incubation period at 27°C, colonies at 
the edge of the inhibition zone were transferred to Pseudomonas F 
agar amended with 100 ug/ml rifamycin. Resistant colonies of similar 
size and shape as the wild-type bacteria were selected for additional 
antibiotic resistance labelling. 
Rifamycin resistant colonies were labelled for nalidixic acid 
(Sigma) resistance using the same procedure. Resistant colonies were 
then tested for their own antibiotic activity using the overlay 
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technique with Erwinia carotovora (EC14) as the indicator. This pro¬ 
cedure also resulted in the production of antibiotic negative mutants. 
Survival of Pseudomonas putida (Ml 7) in the rhizosphere. Since 
effective bacterization requires the maintenance of the introduced 
bacterium in the rhizosphere, the survival of putida (M17) was de¬ 
termined utilizing the antibiotic resistant mutants. 
Two weeks after plant emergence, one plant from each treatment 
was unearthed and placed in a six-inch pot. The pots were taken to the 
laboratory and excess soil removed from the roots and daughter tubers. 
Ten grams of root tissue were placed in a flask containing 100 ml of 
sterile distilled water and incubated approximately 1 hr. 
Following incubation the flasks were vortexed for 1 min, and 
serially diluted. Each dilution was plated in triplicate on Pseudomonas 
F agar amended with 100 ug/ml rifamycin and 100 ug/ml nalidixic acid. 
After 48 hr the plates were observed for bacterial colonies and popu¬ 
lations determined. This procedure was repeated on a weekly basis 
throughout the growing season. 
Estimation of pectolytic bacterial populations in the rhizosphere. 
The procedure used to measure the population of K putida (Ml7) in 
the rhizosphere was also used to estimate the population of pectolytic 
bacteria in the rhizosphere of potato plants. 
Two weeks after shoot emergence, and weekly thereafter, one plant 
from each treatment was unearthed and taken to the laboratory. Ten 
grams of root tissue were placed in 100 ml sterile distilled water. 
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After 1 hr incubation the flasks were vortexed and serially diluted. 
Each dilution was plated in triplicate on crystal-violet polypectate 
agar (Cuppels and Kelman, 1974). Populations of pectolytic bacteria 
were tabulated by counting the number of pits or depressions in the 
medium. No attempt was made to differentiate the pectolytic bacteria 
based on the nature of the depressions in the media (Cuppels and Kelman, 
1974; Logan, 1967). 
Yield analysis. The effect of bacterization on tuber yield was 
also determined. 
Ten or fifteen plants (depending on the year) were harvested by 
hand, graded, and yields recorded. Tubers were graded as either 
United States Extra Number 1, or United States Number 1 based on the 
standards outlined by the United States Department of Agriculture 
(USDA, 1972). All tubers which failed to meet these two classifica¬ 
tions were termed rejects. These were primarily tubers which were 
bruised, misshapen, or too small. 
Soft rot evaluation (Preplant treatment). The influence of bac¬ 
terization by putida (Ml7) on the potential postharvest soft rot 
development was evaluated according to a modification of the procedures 
of Deboer and Kelman (1975) and Perombelon (1972). 
Tubers from each treatment were weighed, wounded ten times each 
with sterile wooden toothpicks, and covered with a film of water. 
The tubers were then incubated at 22°C in an anaerobic chamber (Gas 
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Pak Anaerobic Systems: BBL Industries) Figure 1. After 5 days tubers 
were removed and washed under a steady stream of water to remove any 
rotted tissue. 
Soft rot potential was evaluated by a modification of the para¬ 
meters employed by Lund and Kelman (1977). Three parameters were em¬ 
ployed for soft rot evaluation: (1.) Percent weight loss determined 
by the weight change following anaerobic incubation, (2.) visual 
assessment based on the surface area and volume the rot encompasses 
using a rating scheme where 0 = no rot and 5 = complete rot, and 
(3.) the number of toothpick wounds from which rot developed. 
Population of pectolytic bacteria on harvested tubers. Another 
procedure for the evaluation of the soft rot potential of potato 
tubers is to estimate the population of pectolytic bacteria on the 
tuber. 
In 1981 populations of pectolytic bacteria were determined using 
an enrichment technique (Meneley and Stanghellini, 1976). Tubers from 
each treatment were taken from storage and 10 grams of skin removed. 
The skin was placed in the enrichment medium containing 100 ml of 
sterile distilled water, 0.3 grams of sodium polypectate, 1.5 ml of 
10% {NH^)2S0^, 1.5 ml of 10% K2HP0^, and 0.7 ml of 5% MgS0^*7H20. 
The flasks were incubated at 22°C for 48 hr without shaking. After 
incubation the flasks were vortexed, serially diluted, and 0.1 ml of 
each dilution plated on crystal-violet polypectate agar. Populations 
were determined by the number of depressions in the medium. 
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Figure 1. Gas-Pak anaerobic chamber used in soft rot 
evalnations. 
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The enrichment technique was not utilized in 1982, because 
actual populations from the potato skin may have been altered during 
the enrichment. As a result, 10 grams of skin were removed and placed 
in 100 ml of sterile distilled water. The flasks were incubated at 
22°C for 12 hr. After incubation the flasks were vortexed, serially 
diluted, and 0.1 ml of each dilution plated in triplicate on crystal- 
violet polypectate agar. 
Population of P. putida (M17) on harvested tubers. The ability of 
putida (Ml7) to survive on harvested tubers during the storage period 
was determined using the same procedure employed for estim.ation of 
pectolytic bacteria on the tubers during 1982. 
There were two modifications in the procedure. Flasks were in¬ 
cubated only two hours, and dilutions were plated on Pseudomonas F 
agar amended with 100 ug/ml rifamycin and 100 ug/ml nalidixic acid. 
Soft rot evaluation (Postharvest treatment). The ability of 
putida (Ml7) to control soft rot development of potato tubers with a 
postharvest treatment was also tested. 
Tubers were taken from storage and soaked for 10-15 min in 48 hr 
suspension of £. putida (M17) in nutrient broth amended with 0.4% 
casamino acids. Tubers soaked in distilled water served as controls. 
The tubers were evaluated for soft rot development as described in 
the preplant treatment. 
At the same time it was desirable to determine whether K putida 
(Ml7) was effective in reducing soft rot when suspended in distilled 
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water, or whether a nutrient source was required. Two-day-old cultures 
of putida (M17) in nutrient broth plus 0.4% casamino acids were 
pelleted by centrifugation at 10,000 g and resuspended in distilled 
water. Tubers were soaked in this suspension for 10-15 min and eval¬ 
uated as previously described. Pseudomonas putida (M17) in nutrient 
broth amended with 0.4% casamino acids and distilled water treated 
tubers served as checks. 
Effect of prolonged incubation of harvested tubers inoculated 
with Pseudomonas putida (M17) on soft rot development. The ability of 
the post-harvest treatment to control soft rot over time was evaluated. 
Tubers were soaked for 10-15 min in bacterial resuspensions of P^. 
putida (M17) in distilled water and in nutrient broth, and incubated 
at 40°C and 95% relative humidity. Tubers soaked in distilled water 
served as controls. After 1 and 5 days the tubers were subjected to 
soft rot analysis. 
At the same time the ability of putida (Ml7) to persist on 
the tubers was determined. Ten grams of potato skin from potatoes 
which had been soaked in bacterial suspensions 1 and 5 days previously 
were placed in 100 ml of sterile distilled water. After 1 hr incu¬ 
bation the flasks were vortexed, serially diluted, and plated in 
triplicate on Pseudomonas F agar. 
Growth of Pseudomonas putida (Ml7) under anaerobic conditions. 
Since tubers treated with putida (Ml7) were to be incubated under 
anaerobic conditions to promote soft rot development, the ability of 
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P. put1da (M17) to grow under anaerobic conditions was evaluated. 
The growth of putida (M17) under anaerobic conditions may explain 
its effectiveness in reducing soft rot. Ability to grow under an¬ 
aerobic conditions would increase population levels and provide 
greater coverage. 
Two flasks containing 50 ml of nutrient broth were inoculated 
with 0.1 ml of an overnight culture. One flask was incubated at 22^0 
under aerobic conditions without shaking, while the other was incu¬ 
bated at 22°C under anaerobic conditions (Gas Pak Systems; BBL 
Industries) without shaking. After 48 hr the flasks were swirled 
to distribute the bacteria, serially diluted, and 0.1 ml plated in 
triplicate on nutrient agar. Populations were calculated. 
Susceptibility of pectolytic bacteria to Pseudomonas putida 
(Ml 7). Tubers treated with putida (Ml 7) occasionally develop a 
limited rot. To determine whether these rots developed because of 
insufficient protection by K putida (M17), or because of soft rot 
bacteria resistant to the antibiotic produced by putida (Ml7), bac¬ 
teria from rotted areas were evaluated for susceptibility to K putida 
(Ml7) using the overlay technique. 
Loopfuls of tissue from the rotted areas of putida (Ml7) 
treated tubers were suspended in 10 ml of sterile distilled water. 
The suspension was diluted 2 or 3 times, and 0.1 ml of each dilution 
plated on crystal-violet polypectate agar. Bacteria which caused 
depressions on the agar were cloned on nutrient agar, retested for 
pectolytic activity on crystal-violet polypectate agar, and tested for 
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susceptibility to putida (Ml7) antibiotic using the overlay tech¬ 
nique. 
Antibiotic Isolation and Characterization 
Influence of iron on antibiotic production. Fluorescent pig¬ 
ments of pseudomonads often have antibiotic activity (Leisinger and 
Margraff, 1979). Recent reports have shown that the inhibitory acti¬ 
vity of some fluorescent pigments is related to their ability to 
complex available iron (Kloepper ^ , 1980a; 1980b; Misaghi et al., 
1981). Microbial iron transport agents, called siderophores, complex 
environmental iron making it unavailable for other microorganisms. 
As a result, the growth of these organisms is inhibited. An experi¬ 
ment was designed to test whether antagonism of putida (Ml7) was 
related to antibiotic production or siderophore formation according 
to the procedure outlined by Kloepper^^. (1980a). 
Pseudomonas F agar or glycerol-minimal salts plates were amended 
with 1.0, 2.0, or 4.0 ug/ml of ferric (III) chloride or ferrous (II) 
sulfate. Plates with additional iron served as controls. The plates 
were spot inoculated with a 24 hr culture of putida (M17) grown in 
nutrient broth. Pseudomonas putida (Ml 7) plates were tested for in¬ 
hibitory activity using the overlay technique. If the method of 
antagonism was the result of siderophore formation, the addition of 
supplemental iron should eliminate any zones of inhibition observed 
on the control plates. 
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Bacteriostatic versus bacteriocidal. It was also desirable to 
know if the type of inhibition was bacteriocidal or bacteriostatic. 
A bacteriocidal antagonist would be more desirable, since it would 
not have to be present continuously to suppress undesirable micro¬ 
organisms. The type of inhibition was examined in two ways using 
Bacillus subtil is, a gram-positive bacterium, and E. carotovora EC14, 
a gram-negative bacterium. 
Zones of inhibition against E. carotovora and ]B. subtil is were 
produced on nutrient agar utilizing the overlay technique. In the 
first procedure a loopful of agar was removed from the inhibition 
zone and merely streaked on a fresh plate of nutrient agar. 
In the second procedure a small block of agar (approximately 
5 cm X 5 cm) was removed from the inhibition zone and placed in a 
tube containing 10 ml of sterile distilled water. The tube was vor- 
texed for 1 min, serially diluted, and plated in triplicate on nu¬ 
trient agar. The dilutions were done so any antibiotic in the agar 
block would be diluted past its active endpoint. 
In these tests no growth was indicative of biocidal action, 
while growth was suggestive of biostatic activity. 
Antibiotic activity in the presence of agar and agarose. Re¬ 
ports in the literature have shown that agar may reduce the inhibitory 
activity of some antibiotic compounds (Hanus ^ » 1969; Ho and Ko, 
1981). The effect of agar and agarose as the solidifying agent in 
culture media or the size of the inhibition zone was compared on 
glycerol-minimal salts medium. 
41 
The plates were inoculated with putida (Ml7) and inhibition 
zones produced using the overlay procedure. Plates contained either 
1.0% agarose, or 1.5% agar. After 48 hr zones of inhibition were 
measured and compared. 
Influence of various sugars on antibiotic production. The pro¬ 
duction of secondary metabolites with antagonistic activity is often 
correlated with the carbon source in which the bacteria are grown 
(Ingram and Blackwood, 1980; Leisinger and Margraff, 1979). In many 
instances, particularly with phenazines, glycerol has been shown to 
be the best carbon source for the production of inhibitory metabolites. 
Therefore, the influence of various sugars on the production of the 
inhibitory compound of P^. puti da (Ml 7) was evaluated. 
Minimal salts media were amended with 0.5% of various sugars. 
The sugar solutions prepared and sterilized separately and added 
aseptically to the minimal salts after autoclaving. The sugars 
tested include L-arabinose, cell obiase, dextrose, fructose, fucose, 
galactose, glucose, glycerol, inositol, lactose, mannitol, mannose, 
maltose, melibiase, raffinose, rhamnose, ribose, sorbitol, trehalose, 
and xylose. All sugars are D-form unless otherwise indicated. The 
plates were spotted with P^. puti da (M17) and inhibition zones produced 
using the overlay technique. Antibiotic production was correlated 
with the size of the zone of inhibition. 
Influence of amino acids on antibiotic production. Amino acids, 
particularly aromatic ones, often stimulate the production of inhibitory 
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secondary metabolites (Leisinger and Margraff, 1979). 
The L-form of various amino acids were prepared and filter 
sterilized separately and added to glycerol-minimal salts agar asep- 
tically to a final concentration of 0.01%. The amino acids tested 
included alanine, arginine HCl, asparagine, aspartic acid, cysteine, 
glutamic acid, glutamine, glycine, histidine HCl, hydroxyproline, iso¬ 
leucine, leucine, lysine HCl, methionine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine, and valine. The D-form of 
some amino acids were also tested. Zones of inhibition were developed 
and correlated with antibiotic production. 
Influence of nitrogen source on antibiotic production. Smi1ey 
(1979) has shown that the antagonistic ability of pseudomonads in 
take-all suppressive soils is influenced by the type of nitrogen fer¬ 
tilizer applied to the field. He demonstrated that ammonium-nitrogen 
induced greater antagonism than nitrate-nitrogen. Therefore, the 
influence of the type of nitrogen on P^. putida (Ml7) antibiotic pro¬ 
duction was tested in vitro. 
Glycerol-minimal salts medium was used as the test medium. 
Minimal salts was modified so that it contained the same concentration 
of nitrogen in the nitrate form. Nitrate nitrogen was prepared from 
sodium nitrate. Zones of inhibition were produced and correlated with 
the form of nitrogen employed. 
Isolation of Pseudomonas putida (Ml7) antibiotic from liquid 
culture. In order to identify the antibiotic compound from P^. putida 
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(Ml7) it was necessary to isolate it from culture media. This was 
attempted with various organic solvents. 
Three-day-old 100 ml cultures of P^. putida (M17), grown on 
either nutrient broth or glycerol-minimal salts medium, were adjusted 
to pH values of 3.8, 6.8, and 9.8, and incubated with stirring for 
15 min. The cultures were then extracted with various organic sol¬ 
vents added to a final concentration of 80%. The solvents tested in¬ 
cluded acetone, chloroform, ethanol, ethyl acetate, isopropanol, 
and n-butanol. After an additional 1 hr incubation the mixtures were 
centrifuged at 10,000 g for 10 min to remove bacterial debris. The 
preparations were then condensed in vacuo (Buchler Rotovap) to a volume 
of approximately 5.0 ml. These preparations were then tested for 
antibiotic activity. 
Testing involved soaking sensi-discs (BBL Microbiology Systems) 
in the solutions, and allowing them to air dry. The dried discs were 
placed on nutrient agar and overlayed with £. carotovora (EC14) as 
the indicator. After 48 hr zones of inhibition of the indicator were 
measured. 
Paper chromatography of the antibiotic produced by Pseudomonas 
putida (Ml7). To increase the purity of the antibiotic preparations 
they were subjected to paper chromatography. 
The solutions were spotted on 12" x 10" sheets of Whatman #1 
chromatographic paper and developed in the presence of various organic 
solvent systems in an ascending manner. Solvent systems tested 
44 
included chloroform:acetone (40:10), n-butanol:acetic acid:water (4:1:5), 
methanol:water (3:1), isopropanol:ammoniurn hydroxide:water (20:1:2), 
n-butanol:pyridine:water (1:1:1), n-butanol:ethanol:water (4:1:5), and 
acetone. 
The developed chromatograms were air dried, and cut into strips. 
Successive holes were punched from the strips and placed on nutrient 
agar. The discs were then overlayed with £. carotovora (EC14) and 
the development of inhibition zones observed. The value of the 
antibiotic in the various solvents was determined by the distance from 
the origin at which inhibition zones were observed. 
CHAPTER IV 
RESULTS 
Suitability of Pseudomonas putida (Ml 7) as a Bacterization Agent 
Pseudomonas putida (M17) exhibited strong inhibitory activity 
against the growth of various Erwinia isolates. All Erwinia isolates 
tested were inhibited by putida (Ml7). The sizes of zones of in¬ 
hibition are presented in Table 2. Inhibition of Erwinia carotovora 
(EC14) is shown in Figure 2. Based on the sizes of the zones of in¬ 
hibition the degree of susceptibility for all the bacteria tested 
was similar. 
In tuber inoculation studies it was found that putida (Ml 7) 
was nonpathogenic on potatoes. Five and 7 days after treating potatoes 
with P^. puti da (Ml 7) no signs of soft rot were evident (Figure 3). 
There was some browning of the tissue associated with the wound probably 
caused by phenolic oxidation. Potato tubers inoculated with IE. caro¬ 
tovora (EC14) showed extensive rot, while tubers treated with dis¬ 
tilled water (controls) did not rot. 
In greenhouse experiments utilizing sterilized soil putida 
(Ml7) was able to effectively colonize the rhizosphere of potato 
plants. One month after planting,about two weeks after shoot emergence, 
a population density of 10^ cfu/ml was recorded. This represented 
o 
a 50% decline from the 10 cfu/ml available in the suspension at 
planting time. Bacterial populations remained at 10^ cfu/ml during 
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Table 2. Sensitivity of Erwinia spp. to Pseudomonas putida (Ml 7) 
1 
Indicator Organism Strain Zone Size (mm) 
Erwinia carotovora subsp. atroseptica SRB 11.8 
Erwinia carotovora subsp. carotovora El 29 12.9 
Erwinia carotovora subsp. carotovora EC14 15.4 
Erwinia carotovora subsp. carotovora EC311 13.4 
Erwi ni a carotovora subsp. carotovora SRI 7 11.5 
Erwinia carotovora subsp. carotovora SR53 17.5 
Erwinia carotovora subsp. carotovora SR259 14.0 
Determined using the overlay technique of Vidaver et (1972). 
Zones were measured from the edge of the P^. putida~TMl 7) spot to 
the lawn edge of the indicator bacterium. 
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Figure 2. Inhibition of Erwinia carotovora (SR133a) by 
Pseudomonas putida (MI7) using soft-agar overlay technique. 
48 
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Figure 3. Soft rot development associated with tubers 
inoculated with Pseudomonas putida (M17), Erwinia carotovora (EC14), 
and distilled water (control K 
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the course of the experiment, approximately one month. Measurements 
of putida (Ml 7) populations were taken weekly. 
These results indicated that putida (Ml7) would be a good 
bacterium for bacterization studies of potato. Pseudomonas putida 
(M17) displayed strong inhibitory activity against a variety of Erwinia 
isolates, and was not pathogenic on potato. Furthermore, putida 
(Ml 7) exhibited a good ability to colonize and maintain populations 
in the rhizosphere of potato plants. Following these results pu- 
tida (Ml7) was tested in a series of field trials. 
Bacterization Studies 
Survival of Pseudomonas putida (Ml7) in the rhizosphere. Rifa- 
mycin and nalidixic acid resistant bacteria facilitated the estimation 
of putida (Ml 7 and M74) survival in the field during the 1982 
season. Survival of putida (M17 and M74) was not determined in 
the 1980 and 1981 growing seasons because antibiotic resistant labelled 
bacteria were not available to facilitate the estimation of bacterial 
populations. 
As in the greenhouse, K putida (Ml 7 and M74) bacteria were 
also able to survive in the rhizosphere of field grown potato plants 
(Table 3 and Figure 4). It is interesting to note that the survival 
L' PU'tida (Ml7) and putida (M74) in potato rhizospheres was 
similar. At the time of shoot emergence population levels were ap- 
5 
proximately 10 cfu/ml. This represented a sharp decline from the 
g 
10 cfu/ml available in the inoculum suspension. During the following 
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Table 3. Populations of Pseudomonas putida (Ml 7 and M74) in the 
rhizosphere of potato pi antsJ 
Date (1982) M74 
May 8 
June 9 
June 15 
June 23 
June 30 
July 7 
July 14 
July 22 
July 30 
1.0 X 10^ 1.0 X 10 
7.5 X 10^ 7.4 X 10 
• 
C
O
 X 10^ 8.2 X 10 
9.0 X 10^ 3.2 X 10 
2.3 X 10^ 1.2 X 10 
C
O
 
• 00
 
X 10^ 1.5 X 10 
6.4 X 10^ 6.0 X 10 
7.0 X 10^ 
o
 
C
O
 X 10 
9.0 X 10^ 4.5 X 10 
1 
Colony forming units/milliliter. 
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M74) 
Figure 4. Survival of Pseudomonas putida (isolates M17 and 
in the rhizosphere of field grown "Superior" potato plants. 
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month populations fluctuated slightly around the 10 cfu/ml level. 
When measurements were taken on July 14 population densities had de¬ 
clined to 10^ cfu/ml and remained at this level throughout the course 
of the experiment (July 29). The date of the reduction in bacterial 
populations coincided with the time of plant bloom. 
Populations were not determined for the final month of the grow¬ 
ing season. It would have been beneficial to know if populations 
remained at this level or were eliminated. 
Estimation of pectolytic bacterial populations in the rhizo- 
sphere. The population of pectolytic bacteria in the rhizosphere of 
potato plants was determined during the 1981 and 1982 growing seasons. 
No significant differences in pectolytic bacterial populations were 
observed among the three treatments (Table 4). Populations averaged 
10 cfu/ml. However, populations were highly variable within treat¬ 
ments from week to week. 
Yield analysis. During 1980 yields were determined by removing 
15 plants from the center row of each plot. No attempt was made to 
evaluate yield by grades. Although the yield of tubers from control 
plots appeared higher, no significant differences in yield among 
the three treatments were recorded (Table 5). 
In 1981 only 10 plants per plot were evaluated for yield. 
Yield data were further analyzed by potato tuber grades. Once again, 
no significant differences in total yield or in yield by the various 
grades were observed (Table 5). 
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Table 4. Populations of pectolytic bacteria in the rhizosphere of 
field grown "Superior" potato plants. 
Treatment^ 
Ml 7 (anti +) 
M74 (anti -) 
Control 
1981^ 
8.5 X 10^ cfu/ml 
4.3 X 10^ cfu/ml 
6.4 X 10“^ cfu/ml 
1982^ 
2.6 X 10^ cfu/ml 
2.0 X 10^ cfu/ml 
3.1 X 10^ cfu/ml 
^M17 (anti +) = putida (M17) with inhibitory activity against 
Erwinia spp. 
M74 (anti -) = P. putida (M74) without inhibitory activity against 
Erwinia spp. 
Control = No treatment 
2 
1981 data based on an average of 10 samples; 1982 data based on 
an average of 8 samples. 
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No yield data were taken for the 1982 growing season. Early in 
the growing season the weather included greater than normal amounts 
of rainfall. In late July many of the plants began to decline, per¬ 
haps as a result of leaching of fertilizers caused by the extensive 
rainfall. Since some of the plants experienced "early dying," it was 
felt that any yield analysis would not be valid due to differences in 
the length of the growing season between individual plants. 
Soft rot evaluation (Preplant treatments). During all three 
seasons differences were recorded in the soft rot potential of tubers 
from the different treatments (Table 6 and Figure 5). Results were 
similar for all three years. 
In 1980 the amount of rotted tissue per tuber averaged 8.1% for 
putida (Ml 7) treated tubers compared to 26.3% for controls. Pseu¬ 
domonas putida (M74) treated tubers produced an intermediate value 
(13.7%) which was significantly different from control tubers, but not 
from putida (M17) treated tubers. Significant differences among 
all three treatments were recorded with the visual ratings and the 
numbers of toothpick wounds from which soft rot developed. Pseudomonas 
putida (M17), putida (M74), and control treatments averaged 4.1, 
6.1, and 8.7 rotted lesions, respectively, while the visual ratings 
were 1.5, 2.6, and 3.7, respectively. 
Similar results were observed in 1981 (Table 6). The average 
amount of rotted tissue of putida (M17) treated tubers was reduced 
by 50% compared to control tubers. Once again, putida (M74) gave 
an intermediate response which was significantly lower than the 
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Figure 5. Appearance of potato tubers following.'s'oft rot 
evaluation. Tubers treated with Pseudomonas putida (Ml7) (anti¬ 
biotic positive). Pseudomonas putida (M74)~Tantibiotic negative), 
and distilled water (control). 
■ft 
u » 
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control tubers, but not different from the putida (Ml 7) treated 
tubers. The values for the visual ratings and the number of rotted 
toothpick wounds were significantly different among all three treat- 
i 
ments. Visual ratings were 1.9, 2.5, and 3.3 for putida (Ml 7), 
£-• PuTida (M74), and control treatments, respectively, and the number 
of rotted lesions were 5.3, 6.8, and 8.2, respectively. 
In 1982 putida (Ml7) treated tubers displayed lower soft 
rot development than control tubers as measured by the amount of 
rotted tissue per tuber, the visual rating, and the number of tooth¬ 
pick wounds from which rot developed (Table 6). Pseudomonas putida 
(Ml7) treated tubers lost significantly less weight due to soft rot 
than control tubers. Tubers treated with putida (M74) gave inter¬ 
mediate soft rot values that were not significantly different from the 
soft rot values in K putida (M17) treated and in control tubers. 
Visual ratings and numbers of toothpick wounds from which rot 
developed for putida (M74) treated tubers and in control tubers 
were significantly greater than those in putida (Ml7) treated tubers. 
Pseudomonas putida (Ml7), P^. putida (M74), and control tubers averaged 
5.3, 7.0, and 8.3 rotted lesions, respectively,and their visual 
ratings were 1.8, 2.7, and 3.3, respectively. 
Population of Pseudomonas putida (Ml7) on harvested tubers. At¬ 
tempts to recover P^. putida isolates Ml 7 and M74 from treated tubers 
taken from storage on the selective medium, Pseudomonas F agar amended with 
rifamycin and nalidixic acid, were not successful. However, isolations 
63 
from tubers on Pseudomonas F agar lacking the antibiotics supported 
bacterial growth, which fluoresced and had colony morphology similar 
to putida. The identity of these bacteria was not ascertained. 
Populations of pectolytic bacteria on harvested tubers. Pecto- 
lytic bacterial populations taken from harvested tubers during 1981 
and 1982 revealed no significant differences between treatments 
(Table 7). These data were erratic, changing weekly within a given 
treatment. 
4 
Pectolytic populations averaged 3.0 x 10 cfu/ml in 1981, and 
4.0 X 10 cfu/ml in 1982. These differences in populations between 
the two years were related to a modification of the isolation pro¬ 
cedure described in Materials and Methods (Chapter 3). Enrichment 
incubation was reduced from 48 hr to 12 hr in 1982. 
Soft rot evaluation (Postharvest treatments). Postharvest 
treatments with IP. puti da (Ml 7) gave greater reductions in soft rot 
development than preplant treatments with P^. puti da (Ml 7) (Tables 6 
and 8). Preplant treatments with P^. puti da (M17) allowed approxi¬ 
mately 8.0% rotted tissue, while postharvest treatments averaged only 
4.5% rotted tissue. 
In 1981, postharvest treatment with putida (Ml7) resulted in 
3.3% rotted tissue compared to 11.9% rotted tissue for controls. This 
represented a significant reduction in percent rotted tissue in P^. 
putida (Ml7) treated tubers. Significantly lower visual ratings and 
T
ab
le
 
7
. 
P
o
p
u
la
ti
o
n
s 
o
f 
p
e
c
to
ly
ti
c
 
b
a
c
te
ri
a
 
on
 
h
a
rv
e
st
e
d
 
"S
u
p
er
io
r"
 
p
o
ta
to
 
tu
b
e
rs
 
fo
ll
o
w
in
g
 
en
ri
ch
m
en
t.
 
64 
E E E 
13 13 C5 
CM 4- 4- 4- 
CM O U CJ 
oo 
cr> CM CM CM 
O O O 
'— '— ' 
X X X 
CM o CO 
• • * 
CM 
CL 
CL 
cn 
03 
c: 
UJ 
+-> 
CO 
c 
03 
cn 
03 
Q- 
O. 
CO 
03 
+-> 
CO 
c: 
•I— 
03 
cn 
03 
+-) 
>) > £3 C 
-M •1— 0) (U 
,_ ,— •1— +-> E E 
E E E > o sz x: 
•1— 03 (J u 
C3 13 r3 +-> •1— •r- 
4- 4- 4- o >> S- S- 
j O O U 03 S- c c 
o <D O) 
CO '=d" +-> 
03 O O O S- •1— Sw S- 
I— o JO sz X3 
4-> •1— 
X X X • r- sz CO CM 
JO c <“ 
CO ,— •r~ •1— 
• • • -C C7) cn 
CM CO CO C +J £3 c 
*r~ 33 •1— •r“ 
o :5 
SZ JC o o 
+-» 4-> r— 1— 
•1— •1— t— r— 
o o 
4- 4- 
,—V. ,—^ 
co co 
r— O) <U 
r~ r— 
>_^ CL C3_ 
E E 
03 03 03 03 
T3 "O CO CO 
•(— •r— +-> 
4-> +-> e r— O 
ZZ 33 O) CM f— 
O- Cl. E 
-M £3 £3 
• • 03 O O 
Q_ O- O) 
S- X3 •o 
II II 4-> O) O) 
CO CO 
^ ,—^ O 03 03 
—. ,—^ 4- 1 ■21 J31 JO 
+ 1 
•1— • I— II 03 03 
+-> .p- •1— -«-) -M +-> +-> 
c 4-J +-) C £3 1— 03 03 
O) C c: (— 03 03 O "O T3 
E 03 03 o ^^ S- 
4-> __^ +-> 1— CM 
03 4-> c CO CO 
CL) r-- C f— o cr> cr> 
S- r— o :e: o r— 
1— o >— CM 
65 
+-> in 
o cz s- 03 JO 
S- O O) 
•r- x: O ,— 
4-> CO :o • • 
M- d) H- cn CO 
O _j 
CO 
0) 
SI 
+-> 
c 
o <— cn 
C\J 03 c 03 JO 
—, OJ =3 -r- 
cx: CO 4-5 OJ 
f— cn •1— 03 • • 
1- >■ QC *- CO 
—' 
n3 
-o 
•1- 
*0 
rs CD CU 03 jQ 
CL 4J C3 
4-5 CO CO LT) 
in O CO • • 
n3 a; -I- tn CvJ 
c h- r— 
o 
E 
O 
-O 
r3 
O) 
in 
cx. 
-C 
+-> 
•I— • 
S: CO 
S- CO 
in QJ cro 03 JO 
JO O ^ 
c; zs •r- <V C\J o 
O) +-> in _Q • • 
E O) zs C\J 00 
4-> o —11— 
fO +-> 
(U 03 
4-> 
4-> O 
CL 
+-> 
in Z <NJ CO 
(U S- r~“ 1— cn 03 JO 
> o CO 03 c 
S- • r- cr. C3 -r- C\J cn 
03 S- 1— CO 4-> • • 
sz OJ •1— 03 r— C'J 
+-> Cl > OZ 
CO Z3 
o CO 
Q. = 
M- 4- -oco 
O o CU O) 
4-> ZZ 03 JO 
<U 1— 4-5 CO 
O 03 O CO CO <cn 
c • f— OZ -1- • • 
<D 4-> H- CO f— 
C 5^ f— 
<u 
4- 4-> 
C O 
1-1 CL - 
+-> 
• e 
CO <D 1— 
E o 
OJ +-> S- 
1— 03 4-5 
sx OJ C 
03 S- o 
h- 1— o 
03 • 
CU S- 
S- S- cu 
CU 03 JO 
4-5 Z3 
4- CU 4-5 
03 O 
03 CU 
X3 4- r— 
• C S- JO 
4-5 03 13 •1— 
sz CO CO 
O) CU CO 
E s- 4- o 
4-5 o O CL 
03 4- 
O) CU zz O 
i- JO o 1— 
-l-> •1— 
CU 4-5 . 
CO cn 03 •a 
. S- c. E CU 
CL O) 03 •r— CL 
CL JO JZ -1-5 o 
in :3 o CO r— 
4-5 CU CU 
03 4-5 > 
•1— JC CU 
c 1— cn 03 T3 
• r— •1— Z3 
zz CU CO 4-5 
c o •1— O 
LU > S_ 
■a 
4-5 (V JD zz 4-5 
CO in a «+- 
C 03 •o O 
• 1— JO CU -a CO 
03 c CU 
C7) 03 •1— in sz 
03 -!-> E 03 u 
03 S- JD • (— 
>, •o CU JZ 
4-5 -1-5 • rt 3: 
•I— OJ CU 4-5 
> 00 ■O O E 
•1— cn S- o 
4-5 1— CU i- 
O 13 cu 4- 
03 • CO -M 
4-5 CO CU co 
C • r- I— "O 
S- 03 4-5 CL c 
o E E Z3 
4-5 -i-> •o o o 
• r— 03 CU CU 3 
JO OJ -1-5 
•r“ S_ 4-5 II 
JC 4-5 O u 
c S- cn •r— 
• r— CO CL 
i- 4- • rt JZ 
JC • O) O 4-> 4-5 
4-5 JO O O 
•1— OJ 13 -1-5 O 
-»-> 4-5 c • -1-5 
03 Z3 c: O 
^—. O o o c • 4- 
un E •1— T3 o 
n— -a 03 4-5 II CU 
OJ c 03 -1-5 S- 
V-^ r— o II :o o 4-5 cu 
1— 1— O JO 
03 •1— T3 CU 03 II S- E 
•o 4-5 CU 13 > Z5 
•r“ CO CO CO CU cn CU zz 
4-5 •r— 03 CO c: E 
o Q JO •r- 4-5 •1— zz II 
CL E- O -M r— 
II 03 i- 03 o CO 
• 4-5 T3 OZ > zz 
CL 1— 03 CU 4-5 o 
O •C3 4-5 4- 1— ~a •r— 
II S_ 4-5 O 03 zz CO 
4-5 1— O CO 13 03 CU 
SZ 00 CZ CO _l 
c— o CT» •1— 
o 1— > 41= 
(— OJ C^ 
M
ea
ns
 
fo
ll
o
w
ed
 
by
 
th
e 
sa
m
e 
le
tt
e
r 
a
re
 
n
o
t 
si
g
n
if
ic
a
n
tl
y
 
d
if
fe
re
n
t 
a
t 
th
e
 
.0
1 
le
v
e
l 
ac
co
rd
in
g
 
to
 
D
u
n
ca
n
's
 
m
u
lt
ip
le
 
ra
n
g
e 
te
s
ts
. 
66 
numbers of toothpick wounds from which rot developed were obtained 
with putida (Ml 7) treated tubers than with nontreated tubers. 
Pseudomonas putida (M17) and control treatments averaged 2.2 and 8.0 
rotted wounds, and visual ratings of 1.2 and 2.9, respectively. 
Similar results were recorded in 1982 (Table 8). Pseudomonas 
putida (M17) treated tubers resulted in 5.3% rotted tissue, while 
control tubers had significantly more soft rot (12.5%). Significant 
differences in visual ratings and numbers of toothpick wounds from 
which rot developed were obtained with P^. putida (M17) treated tubers 
than with nontreated tubers. Pseudomonas putida (M17) and control 
treatments averaged 5.0 and 8.1 rotted lesions per tuber, and 1.7 
and 3.2 visual ratings, respectively. 
Effect on soft rot development from inoculation with Pseudomonas 
putida (M17) in nutrient broth or resuspension in distilled water. In 
postharvest experiments in which tubers were inoculated with £. putida 
(Ml7) suspended in nutrient broth or in distilled water resuspensions 
no differences in soft rot development were observed (Table 9). 
Inoculation of tubers with putida (Ml7) in nutrient broth, and inoc¬ 
ulation after resuspension in distilled water resulted in 5.3% and 
6.0% rotted tissue, respectively, compared to 12.5% for control treat¬ 
ments. Visual ratings were 1.8, 1.6, and 3.2 for nutrient broth inocu¬ 
lation, disti1 led water resuspension inoculation, and control 
treatments, respectively, while the same treatments resulted in 5.0, 
5.2, and 8.1 rotted lesions per tuber, respectively. Values for 
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percent rotted tissue, number of rotted lesions per tuber, and visual 
ratings were significantly lower for K putida (M17) inoculated tubers 
than control tubers, but not significantly different between the two 
inoculation procedures. 
The survival of K putida (Ml7) on potato tubers was similar 
regardless of whether^, puti da (M17) was inoculated in nutrient broth 
or in distilled water suspensions (Table 10). Pseudomonas putida 
(M17) was able to survive at approximately 4.0 x 10^ cfu/ml after one 
day incubation and at 4.5 x 10^ cfu/ml after five days incubation 
despite the inoculation medium. The ability of putida (M17) to 
suppress soft rot development is probably related to its ability to 
survive on the inoculated tuber. 
Effect of prolonged incubation of harvested tubers inoculated 
wi th Pseudomonas putida (Ml 7) on soft rot development. Postharvest 
treatments were effective at reducing soft rot development even though 
the tubers were incubated for one day and five days following inocu¬ 
lation with P^. puti da (Ml 7) prior to soft rot evaluation (Table 11). The 
percentages of rotted tissue, visual ratings, and numbers of lesions 
per tuber for one and five day incubations were not significantly dif¬ 
ferent from those values obtained without the additional incubation 
period. 
These results correlate well with the successful establishment 
of putida (M17) in association with inoculated tubers (Table 10). 
pseudomonas putida (M17) was able to survive at 4.0 x 10^ cfu/ml 
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following one day incubation and at 4.5 x 10^ cfu/ml following 
five day incubation. Although populations were slightly reduced 
after 5 days, this reduction was apparently not significant enough to 
result in greater soft rot development. 
Growth of Pseudomonas putida (Ml 7) under anaerobic conditions. 
When compared to the growth of carotovora (EC14), a facultative 
anaerobe, the growth of putida (Ml7) was suppressed under anaerobic 
conditions. Populations of carotovora (EC14) under anaerobic con- 
fi 4 
ditions averaged 5.0 x 10° cfu/ml compared to 2.5 x 10 cfu/ml for 
P^. putida (M17). Although the population of putida (M17) is sup¬ 
pressed, these population levels are apparently sufficient to provide 
soft rot control. 
Susceptibility of pectolytic bacteria to Pseudomonas putida (Ml7). 
Sixty-two pectolytic bacterial isolates obtained from rotten putida 
(Ml7) treated tubers were evaluated for their susceptibility to the 
inhibitory compound produced by P^. putida (Ml 7). The majority of these 
isolates, approximately 62%, were inhibited by putida (Ml 7). No 
attempt was made to determine whether these resistant pectolytic bac¬ 
teria were in fact Erwinia spp., or to test their pathogenicity (soft 
rot ability) on potatoes. The inability of K putida (Ml7) to provide 
complete control of soft rot may be related to the presence of these 
resistant pectolytic bacteria. 
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Antibiotic Isolation and Characterization 
Influence of iron on antibiotic production. Experiments in 
which iron was added to the culture medium showed that iron had no 
effect on putida (M17) inhibition of E. carotovora (EC14). The 
addition of either ferric or ferrous iron did not reverse the inhibi¬ 
tory effect of P^. putida (Ml 7) against carotovora (EC14), and pro¬ 
duced zones comparable with media which contained no additional iron 
(Table 12). 
Bacteriocidal versus bacteriostatic. Results revealed that 
K putida (M17) possessed bacteriocidal activity against the indicator 
bacteria, E. carotovora (EC14) and Bacillus subtil is (A13-1). In both 
procedures designed to test the nature of putida (Ml 7) inhibition 
(bacteriostatic vs. bacteriocidal) the indicator bacteria failed to 
exhibit any growth upon restreaking. Failure of the indicator bac¬ 
teria from the inhibition zone to grow upon restreaking on clean media 
was considered to be indicative of bacteriocidal action. It is inter¬ 
esting to note that both a gram-negative (^. carotovora) and a gram¬ 
positive (^. subti1 is) bacterium were similarly affected. 
Antibiotic activity in the presence of agar and agarose. The 
inhibitory activity of the antibiotic produced by putida (M17), 
as determined by the size of the inhibition zone, was influenced by 
the solidifying agent in the culture medium. Inhibition zones on 
media containing agar averaged 8.35 mm, while inhibition zones on 
Table 12. Effect of supplemental iron to minimal salts-glycerol 
medium on putida (Ml7) inhibition of carotovora 
(ECU) J 
Mediurn 
2 Inhibition Zone (mm) 
MS Glycerol 15.00 
MS Glycerol + 2 ug Fe (II) 14.50 
MS Glycerol + 4 ug Fe (II) 13.67 
MS Glycerol + 6 ug Fe (II) 15.00 
MS Glycerol + 2 ug Fe (III) 15.33 
MS Glycerol + 4 ug Fe (III) 15.33 
MS Glycerol + 6 ug Fe (III) 16.00 
^Determined using the overlay technique of Vidaver^^. (1972). 
Zones are measured from the edge of the putida (Ml7) spot to 
edge of the indicator lawn. 
2 
MS Glycerol = minimal salts-glycerol media defined in Materials 
and Methods. 
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plates containing agarose averaged 14.00 mm, nearly double. 
Influence of various sugars on antibiotic production. Anti¬ 
biotic production was stimulated by few of the sugars that were 
tested in a minimal salts medium. The only sugars to support antibio¬ 
tic production by putida (Ml 7), as determined by the size of the in¬ 
hibition zone, were glycerol (16.00 mm), inositol (21.00 mm), mannitol 
(5.00 mm), and trehalose (18.00 mm). Although trehalose and inositol 
generated larger inhibition zones than glycerol, putida (M17) 
growth on trehalose and inositol was suppressed. As a result glycerol 
was considered the best carbon source. Interestingly, the sugars 
which did not support antibiotic production also failed to sustain 
fluorescent pigment production. The only exception was glucose, which 
generated large amounts of fluorescent pigments, but no inhibition 
zones. 
Influence of amino acids on antibiotic production. No stimula¬ 
tion of antibiotic production was observed when putida (Ml 7) was 
grown on a minimal-salts glycerol medium in the presence of various 
amino acids (Table 13). A slight stimulation of antibiotic production 
occurred in the presence of cysteine. Many amino acids appeared to 
suppress antibiotic production. Generally, there were no differences 
between D- and L-forms of the amino acids. 
Influence of nitrogen source on antibiotic production. When 
the minimal-salts-glycerol medium was modified to contain nitrate- 
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Table 13. Influence of various amino acids in minimal salts-glycerol 
on antibiotic production by Pseudomonas putida (Ml 7).^ 
Amino Acid Inhibition Zone (mm) 
2 
none 16.00 
L-Arginine HCl 10.75 
L-Asparagine 10.75 
D-Asparagi ne 10.75 
L-Aspartic Acid 4.00 
D-Aspartic Acid 7.50 
L-Cysteine 19.75 
D-Cysteine 20.50 
L-Glutamic Acid 6.75 
D-Glutamic Acid 8.75 
L-Glutamine 12.00 
L-Clycine 13.75 
L-Histidine HCl 16.00 
D-Histidine HCl 13.75 
L-Isoleucine 14.00 
D-Isoleucine o 
o
 • 
L-Leucine 11.00 
D-Leucine 15.00 
L-Lysine o 
o
 • 
L-Methionine 15.50 
D-Methioni ne 16.00 
D-Norleucine 11.75 
L-Phenylalanine 12.00 
D-Phenylalanine 16.50 
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Table 13. Continued 
Amino Acid 
2 
Inhibition Zone (mm) 
L-Proline 10.75 
L-Threonine 10.00 
D-Threonine 11.00 
L-Tryptophan 14.50 
D-Tryptophan 12.50 
L-Tyrosine 13.00 
L-Valine 9.00 
D-Valine 10.50 
^Minimal salts-glycerol plus % amino acid. 
2 
Minimal salts-glycerol without amino acids. 
3 
Determined using the overlay technique of Vidaver £t ^1^. (1972). 
Zones are measured from the edge of the putida (Ml 7) spot to 
edge of the indicator lawn. 
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nitrogen, no zones of inhibition against the indicator bacterium were 
produced by putida (M17). Standard minimal salts-glycerol medium, 
which contained an ammonium-nitrogen source, produced inhibition zones 
averaging 16.00 mm against the indicator bacterium. 
Isolation of P. putida (Ml 7) antibiotic from liquid culture. 
The antibiotic compound was easily extracted from liquid with acetone, 
chloroform, ethanol, ethyl acetate, and isopropanol provided the 
culture was acidified prior to the extraction. Extraction of the 
antibiotic compound with ethyl acetate was successful at any pH, but 
acidic conditions were best as determined by the size of the zone 
of inhibition. One solvent tested, n-butanol, was not successful at 
antibiotic extraction under any pH. 
Paper chromatography of the antibiotic produced by Pseudomonas 
putida (M17). Chromatography of the antibiotic compound was unsuc¬ 
cessful. Inhibitory activity was always lost upon development of the 
chromatogram, presumably because of inactivation or dilution. In¬ 
creasing the application of the antibiotic preparation to the 
chromatogram in an attempt to circumvent possible dilution was like¬ 
wise unsuccessful. The only time the chromatogram retained inhibitory 
activity was when acetone was used as the solvent. Inhibitory 
activity, however, remained at the origin. 
CHAPTER V 
DISCUSSION 
Although pseudomonads are recognized as the major group of 
microorganisms producing antibiotic compounds (Leisinger and Margraff, 
1979), inhibition of Erwinia carotovora, as observed with putida 
(Ml 7), has been seldom recorded. There are several reports of inhi¬ 
bition of other plant pathogenic bacteria and fungi by pseudomonads 
(Chinn, 1954; Lindberg, 1981; Sinden^^., 1971; Zyskind et al ., 
1965). The only accounts of carotovora inhibition by pseudomonads 
are by the plant growth-promoting rhizobacteria of Schroth and his 
colleagues (Kloepper ^ , 1980a,b). In a survey of soil micro¬ 
organisms many organisms were found to be antagonistic toward plant 
pathogenic bacteria. However, the soft rot Erwinias were the I6ast 
susceptible of the pathogens tested (Patrick, 1954). Whether the 
paucity of reports on £. carotovora inhibition by pseudomonads is re¬ 
lated to greater resistance or to insufficient testing is uncertain. 
At this point, E. carotovora inhibition by putida (Ml7) is a 
fairly unique report. A more thorough examination of the biospectrum 
of putida (M17) has been presented elsewhere (Hinteregger, 1980). 
The ability of K putida (Ml 7) to inhibit E^. carotovora and its 
nonpathogenicity on potato make it a good agent for bacterization of 
potato. Many researchers have successfully employed pseudomonads for 
bacterization studies to control plant diseases (Howell and Stipanovic, 
1979, 1980; Kawamoto and Lorbeer, 1976; Michael and Nelson, 1972; 
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Nair and Fahy, 1972; Strobel and Myers, 1981) and to increase crop 
yields (Burr^^., 1978; Hayes et , 1969; Kloepper^^., 1980c; 
Suslow ^ , 1979). 
The difficulty of inducing a nonrhizosphere organism to become 
part of the rhizosphere microflora has been discussed (Chang and 
Kommedahl, 1963; Kerr, 1961; Rovira, 1963). However, the successful 
colonization of putida (Ml 7) is not surprising, since pseudomonads 
have been shown to be common, and often dominant, inhabitants of plant 
rhizospheres (Clark, 1940; Rovatt and Katznelson, 1961; Vagnerova et 
al•> 1960). This has been attributed to their rapid growth, versatile 
utilization of different carbon sources, and production of inhibitory 
compounds (Eklund, 1976). Rovira (1963) tested the ability of Azoto- 
bacter, Baci 11 us, and Clostridiurn to colonize plant rhizospheres and 
found that all were less successful than iP. fluorescens. Pseudomonas 
puti da was considered to be a better rhizosphere colonizer than P. 
fluorescens because of greater versatility in carbon assimilation 
(Sands and Rovira, 1971). 
One failure of many bacterization studies has been the inability 
to verify the successful colonization of the introduced bacterium in 
the rhizosphere (Jensen, 1946; Kloepper^^., 1980c; Suslow, 1982). 
The successful colonization of potato rhizospheres by P. putida (Ml7) 
was verified by the use of antibiotic resistant labelled mutants. 
At the time of plant emergence bacterial populations were approximately 
4 5 
10 to 10 cfu/ml. Similar population levels were reported by other 
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researchers (K1 oepper et , 1980c; Suslow and Schroth, 1982b). The 
decline from the initial 10^ cfu/ml in the inoculum is probably re¬ 
lated to the manner in which the bacterium was introduced into the 
field. 
Liquid suspensions, besides being impractical commercially, 
subject the bacteria to desiccation due to rapid drying upon planting 
(Suslow 1979). Since various divalent cations have been shown 
to reduce mortality due to desiccation (Suslow and Schroth, 1982b; 
Suslow, 1982), magnesium (MgSO^-yH^O) was added to the inoculum sus¬ 
pension of JP. putida (M17). Methods to introduce bacteria at the proper 
concentrations, and at the correct sites without unnecessary mortality 
are needed (Baker and Cook, 1974). 
Several systems for the introduction of biological control agents 
have been developed. Singh ^ (1965) developed a groundnut cake and 
molasses preparation to inoculate seeds with Baci11 us suspensions. 
The preparation also enhanced antibiotic production by the bacterium. 
A similar preparation was developed using diatomaceous earth and mo¬ 
lasses (Backman and Rodriguez-Kabana, 1975). Powder formulations 
based on xanthum gums were developed for plant-growth promoting rhizo- 
bacteria in the genus Pseudomonas (Kloepper and Schroth,'1981a). 
Perhaps one of these preparations or a modification of one of these 
can be utilized for the introduction of putida (Ml7) in the field. 
Regardless, the manner of introduction should be inexpensive and 
easily mechanized to attract widespread use (Backman and Rodriguez- 
Kabana, 1975). 
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It is difficult to ascertain the reason for the sharp decline 
observed in putida (Ml 7 and M74) populations in early July. Similar 
declines after initially high levels were reported by Eklund (1976) 
and Kerr (1961). Such declines have been attributed to a variety of 
soil factors such as temperature, aeration, fertilizer, moisture, and 
structure (Broadbent ^ , 1977; Burr ^ ^1^., 1978; Barclay and 
Crosse, 1974). Reductions in bacterial populations in the rhizosphere 
of apple and cherry trees was attributed to higher temperatures and to 
reduced water content of the soil as the season progressed. Depletion 
of organic matter was considered the cause of decline of pseudomonads 
in Australian soils (Rovira and Sands, 1971). Robinson (1965) demon¬ 
strated a decline in soil populations of fluorescens upon drying of 
the soil. As pointed out by Starkey (1958), environmental factors 
which influence plant growth, in turn, affect rhizosphere microflora. 
Variations in rhizosphere populations have been associated with plant 
.V’' 
age (Martin, 1971). Decline of rhizosphere microflora observed 
after flowering was attributed to less leakage of organic materials 
from the roots. Whether or not any of these factors was responsible 
for the decline of K putida (Ml7 and M74) populations were not deter¬ 
mined. However, the decline of putida did occur shortly after the 
peak of flower bloom. Perhaps a reduction in the leakage of organic 
materials from the roots resulted in the decline of K putida popula¬ 
tions . 
Other rhizosphere microflora can affect the survival of introduced 
bacteria (Brown, 1974; Schonbeck and Kreutzer, 1971; Suslow, 1982), and 
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may have been responsible for the decline of putida (M17). Inhibi¬ 
tion of Phoma betae by a Baci11 us isolate observed in culture was re¬ 
duced by other soil bacteria (Schonbeck and Kreutzer, 1971). Protec¬ 
tion of tomatoes against fusarium wilt by Arthrobacter in sterile soil 
was not observed in nonsterile soil (Mitchell and Hurv/itz, 1965). 
Similar results were observed using a pseudomonad (Michael and Nelson, 
1972). It does not seem possible that other organisms are a factor in 
the survival of K putida (Ml 7 and M74) because of the high initial 
population levels. However, it may have taken more time for the antag¬ 
onist to multiply to levels sufficient enough to suppress putida 
populations. 
It was surprising that the wild-type and the antibiotic-negative 
P^. puti da were able to colonize the rhizosphere at the same popula¬ 
tions. Similar results were reported utilizing other antibiotic¬ 
negative mutant pseudomonads (Kloepper and Schroth, 1981c). If anti¬ 
biotic production were an adaptive advantage, £. putida (Ml7) would be 
expected to colonize potato rhizospheres at greater levels than P. 
putida (M74). As indicated by Meers (1978), the role of antibiotics 
in the natural environment is not known. It has been shown that anti¬ 
biotics are inactivated in the soil, and thus play no role in rhizo¬ 
sphere ecology (Howell and Stipanovic, 1980; Siminoff and Gottlieb, 
1941). Others have stated that antibiotics are not only produced in 
the soil, but are also antagonistic and provide a competitive ad¬ 
vantage in rhizosphere colonization (Domain, 1974). The results 
-P* and M74) survival suggest that competition may be 
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as important as antagonism in rhizosphere colonization. Nevertheless, 
similar colonization behavior permits conclusions on soft rot develop¬ 
ment to be the result of antibiotic production and not the result of 
differences in the ability of the bacteria to colonize potato roots. 
In the laboratory, putida (M74) often reverted back to the 
wild-type. This might have occurred in the soil and that would explain 
the similarity in colonization. In natural environments competitive 
pressures may select for traits of value for existence, such as anti¬ 
biotic production (Meers, 1978). Since competitive pressures would be 
greater in the soil than in the laboratory, putida (M74) may have 
yielded to these pressures, reverted to the antibiotic-producing wild- 
type, and resulted in similar colonization abilities. 
Populations of pectolytic bacteria in the rhizosphere of the 
potato plants and on the tubers were not significantly different among 
the three treatments. Reduction in pectolytic bacteria was expected 
in the £. putida (Ml 7) treatments because of antibiotic production. 
Reductions in pectolytic Erwinia spp. have been observed in other 
research through the introduction of antagonistic rhizobacteria 
(Kloepper ^ , 1981). The failure to detect any differences may 
be explained by the sampling procedure. Bowen and Rovira (1976) 
showed that bacteria only colonize specific sites on plant roots cor¬ 
responding to areas of maximum exudation. If Erwinia spp. and/or 
putida were localized in these specific areas, the gross isolation 
procedure used in this research may not detect any differences in 
rhizosphere or tuber pectolytic bacteria. Also, as discussed 
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previously, there may have been reductions in some pectolytic genera 
« 
and not others; however, the effect on populations of various pectoly¬ 
tic genera individually was not examined in this study. Fluctuations in 
weekly populations observed in rhizosphere samples have been observed by 
other researchers (DeBoer 1978; Perombelon, 1976). These fluc¬ 
tuations were attributed to moisture and temperature conditions in the 
soi 1. 
Pseudomonas putida (M17) treated tubers exhibited less soft rot 
than control tubers in both preplant and postharvest treatments. 
Antibiotic-negative P^. putida (M74) treatments gave intermediate re¬ 
sults. Reductions observed from preplant treatments are surprising 
since £. putida (Ml7) was not detected on the harvested tubers. How¬ 
ever, undetectable populations may be significant enough to cause ob¬ 
served reductions in soft rot. Also, changes in rhizosphere and tuber 
microflora prior to harvest may have been responsible for reductions 
in soft rot development. 
The reductions in the number of rotted toothpick wounds are 
significant, because they demonstrate the ability of K putida to 
provide protection from soft rot at specific locations. This is 
important because it demonstrates the ability of P^. putida to provide 
absolute control in some instances, and not just the ability to slow 
the progression of established infection sites. In commercial situ¬ 
ations the ability to prevent rot would be more significant than 
merely slowing the progression of the rot. 
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In postharvest treatments the soft rot potential was reduced to 
a greater extent than in preplant treatments. This was probably the 
result of greater survival, and as a result better protection of the 
tuber by putida (Ml7). Greater survival of putida (Ml7) was 
verified by measuring populations of P. putida (M17) on the tubers. 
Pseudomonas putida populations up to 10^ cfu/ml were able to survive 
for five days on treated tubers prior to soft rot evaluation. As 
discussed previously, survival of the bacteria and their ability to 
provide protection in preplant treatments is affected by various soil 
conditions which probably influence their effectiveness. The strictly 
controlled conditions under which fruits and vegetables are stored is 
one of the advantages of postharvest inoculation of biological control 
agents. For most crops, including potatoes, these controlled conditions 
include high relative humidities which would prevent desiccation. 
Although temperatures are often low enough to slow microbial growth, 
they are not fatal (Wills ^ £l^., 1981). 
It is tempting to conclude from these results that soft rot 
reduction is the result of antibiotic effects on pectolytic bacteria, 
particularly in view of the intermediate reductions observed with P. 
putida (M74). However, proof of antibiotic production in the soil 
has not been established. Production on culture media is not indica¬ 
tive of their production in the soil (Baker, 1968; Papavizas and 
Lumsden, 1980). It has even been shown that some antibiotics are only 
produced in culture (Weinberg, 1970). Conclusions based on the 
reduction of disease and a corresponding increase in the population 
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of the introduced antibiotic producing bacterium, as observed in this 
research, are circumstantial (Hornby, 1978; Papavizas and Lumsden, 
1980). Even if an antibiotic was produced in the soil there are 
problems with inactivation, absorption, and concentration (Baker, 1968; 
Gottlieb, 1976; Lynch, 1976; Patrick, 1954). There are also an un¬ 
limited number of interactions with other soil microflora which could 
eliminate or alter any effects of the antibiotic (Baker, 1968; 
Gottlieb, 1976; Papavizas and Lumsden, 1980). 
Recently, several researchers have verified the existence and 
production of antibiotics in the soil and plant tissue (Aluko and 
Hering, 1970; Demain, 1974; Meers, 1978; Wright, 1956a, b). Demain 
(1974) has stated that antibiotics are not only produced in the soil, 
but are also antagonistic and provide a competitive advantage. In 
some instances antibiotics have been isolated from plant tissues 
treated with antibiotic-producing microorganisms (Brian £t al., 1951; 
Singh et ^, 1965). On the other hand, many antibiotics have not 
been detected in treated soils. Patrick (1954) states that failures 
to detect antibiotics in the soil may only be the result of improper 
isolation practices and the failure of these compounds to accumulate. 
Some antibiotics are adsorbed to clay particles and inactivated 
(Howell and Stipanovic, 1980; Gottlieb and Siminoff, 1941). Clearly, 
research on the production and isolation of the antibiotic compound of 
putida (Ml7) from the soil is necessary before any conclusions 
can be made. 
It would be desirable to test the ability of the purified 
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antibiotic to control soft rot. It might provide additional evidence 
for its involvement in suppression of soft rot. Bond and deSouza 
(1954) controlled soft rot through the application of antibiotics. 
Reduction in the numbers of toothpick wounds from which soft 
rot developed could be related to the need for specific sites high 
in organic matter for antibiotic production. Several researchers 
have shown that sites with high organic matter are needed for antibiotic 
production (Baker, 1968; Demain, 1974; Lynch, 1976). Patrick (1954) 
described "food sites" where antibiotic production and accumulation 
occur, and "inert sites" where antibiotics are absorbed, diluted, or 
inactivated. The wound sites may supply fresh organic material neces¬ 
sary for antibiotic production and relate to soft rot suppression. 
Other explanations for the reduction in soft rot are competition 
(Baker, 1968; Mitchell, 1973) and/or induced resistance (Gessler and 
Kuc, 1982; Jenns and Kuc, 1980). However, it is difficult to verify 
these explanations and they were not tested in this research. 
The intermediate effects of putida (M74) are difficult to 
explain. They suggest a competitive effect that was not as effective 
as abiosis or combined competition and abiosis in suppression of soft 
rot development. Another explanation could be that putida (M74) 
reverted to an antibiotic positive wild-type. 
The inability of putida (Ml7) to provide complete control 
of soft rot may be related to incomplete colonization or the presence 
of pectolytic bacteria resistant to the antibiotic produced by 
£.• (Ml7). Results from isolations of pectolytic bacteria from 
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rotted tissue of putida (Ml 7) treated tubers demonstrated that 
resistant bacteria were present. This points out one of the limita¬ 
tions of putida (Ml 7) as a biological control agent for soft rot 
diseases. Another explanation for the failure of putida (M17) 
to provide complete control may be the optimum conditions for soft rot 
development under which the tubers were incubated to induce soft rot. 
Under more natural conditions soft rot may not have developed. The 
inability of putida (Ml7) to provide complete control is probably 
the result of a combination of these factors. 
One final explanation may be the inability of putida (M17) 
to grow under anaerobic conditions. Suppressed growth of putida 
(Ml7) observed in this research has been recorded utilizing other 
pseudomonads (Wells, 1974). However, P^. putida (M17) did exhibit 
limited growth that may be sufficient for protection. 
The duration of the effectiveness of postharvest treatments on 
soft rot suppression is very important for commercial applications. 
Since potatoes are often stored for several months, any biological 
control agent must be able to survive for prolonged periods to be 
effective. Soft rot development was significantly reduced if P. pu- 
tida (Ml 7) was applied 5 days before soft rot testing. This was 
correlated with successful survival of putida (M17) on the tubers. 
Survival of the bacteria is probably related to the high relative 
humidity (95-100%) at which the treated tubers are stored which pre¬ 
vents bacterial desiccation. As discussed previously, the controlled 
storage conditions are an advantage of postharvest application of 
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biological control agents. 
Application of putida (M17) suspended in nutrient medium or 
resuspended in distilled water showed no significant differences. In 
other work, application of biological control agents suspended in 
nutrient broth provided better disease control than resuspension in 
distilled water (Pusey and Wilson, 1982; Leben and Daft, 1965). Ap¬ 
plication of biological control agents in a nutrient medium may provide 
nutrients necessary for successful colonization, and increase the 
competitive ability of the biological control agents or promote its 
antibiotic production. Use of the nutrient growth medium for appli¬ 
cation may also contain inhibitory compounds synthesized during growth 
that may provide a suppressive effect on disease development. On the 
other hand, application in nutrient medium may stimulate the pathogen 
and assist in its pathogenicity (Suslow, 1982). Since no differences 
in soft rot were observed between the application media, it appears 
that application in a nutrient growth medium provides no advantage to 
either the soft rot bacteria or putida (Ml7). As discussed pre¬ 
viously, it is possible that the wounds provide enough nutrients for 
putida stimulation. 
Increased yields through bacterization reported by other re¬ 
searchers (Burr^_^., 1978; Cooper, 1954; Hayes et , 1969; Suslow 
and Schroth, 1982b) were not observed in this research. Field ob¬ 
servations did show earlier shoot emergence and larger plants early 
in the season for P^. putida (M17) treated seed pieces. These 
differences in growth were not observed later in the season. The 
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reason for the failure of putida (Ml 7) to promote increased yields 
is difficult to ascertain. It was not due to the inability of 
putida (Ml7) to effectively colonize the rhizosphere as suggested by 
other authors (Jensen, 1946; Kloepper^^., 1980c; Suslow, 1983). 
It might have been the failure of putida (Ml7) to produce growth- 
promoting compounds or to solubilize soil nutrients often cited as 
reasons for increased growth (Brown, 1974). Pseudomonas putida was 
not tested for these abilities. Another mechanism suggested for 
increased yields is the alteration of soil microflora and the dis¬ 
placement of "saprophytic pathogens" (Kloepper ^ £]_., 1981 b,c; 
Suslow and Schroth, 1982a). As discussed previously, total pectoly- 
tic populations in the potato rhizosphere were not altered, but other 
microflora not examined may have been altered. 
The antibiotic compound produced by P. puti da (Ml 7) demonstrated 
bacteriocidal action. Bacteriocidal activity has been reported for 
other pseudomonads (Lindberg, 1981; Zyskind ^ , 1965). Some 
antibiotics, such as penicillin and bacitracin, are lethal because of 
their ability to lyse bacterial cells (Baker and Cook, 1974). The 
mode of action of the inhibitory compound produced by putida (Ml7) 
is not known. However, since both gram-negative and gram-positive 
bacteria were fatally affected, the compound is apparently not speci¬ 
fically active against cell wall structure. Biocidal action is more 
appealing than bacteriostatic action for controlling plant diseases, 
because pathogen suppression would not require a constant source of 
antibiotic. 
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The inhibitory action of the compound produced by putida 
(Ml7) was influenced by the solidifying agent in the culture media. In¬ 
hibition zones on agarose were consistently larger than those produced 
on agar. Other researchers have also observed suppression of the inhi¬ 
bitory activity of compounds on agar (Hanus ^a1_., 1967; Ho and Ko, 1980; 
Ko £t , 1976). Suppression of antibiotic activity has been attributed 
to the presence of ionic impurities in the agar that either bind the com¬ 
pounds making them inactive or inhibit the diffusion of the compounds (Ko 
^ £l_., 1976). Agarose does not contain as many ionic impurities as agar. 
Many pseudomonads produce fluorescent pigments which possess in¬ 
hibitory activity (Leisinger and Margraff, 1979). The inhibitory activ¬ 
ity of some of these pigments, called siderophores, is related to their 
ability to chelate environmental iron (Kloepper ^ , 1980a, b; Misaghi 
^ , 1982). The chelated iron is not available for bacterial metabol¬ 
ism and results in the inhibition of soil microflora. The inability of 
supplemental iron in the media to eliminate the antagonistic ability of 
putida (Ml7) indicates that its inhibitory activity is not related to 
siderophore production. Further evidence indicating no siderophore pro¬ 
duction by putida (Ml7) was provided by the experiments testing the 
effect of various sugars on antibiotic production. Glucose, which caused 
production of very large quantities of fluorescent pigments failed to 
inhibit the indicator bacterium (£. carotovora EC14). If inhibi¬ 
tion was related to fluorescent pigment siderophores, large zones 
of inhibition would have been expected on the glucose medium. This 
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maybe an advantage for bacterization, since antagonism would not be 
dependent on available levels of iron in the soil. 
Antibiotic production by many pseudomonads is affected by the 
carbon source available for assimilation. Antibiotic production of 
K putida (M17) was greatest when grown on media containing glycerol. 
Several other researchers have shown stimulation of secondary meta¬ 
bolites, particularly phenazines, in the presence of glycerol 
(Leisinger and Margraff, 1979; Ingrom and Blackwood, 1970). The 
biosynthetic reactions and regulatory mechanisms of antibiotic produc¬ 
tion by pseudomonads are not fully understood (Domain, 1972; Malik, 
1979; Lesinger and Margraff, 1979). Antibiotic production may be re¬ 
lated to nutritional conditions in the growth medium. In rich media 
little antibiotic is produced, while in nutrient poor media large . 
amounts of antibiotic are produced (Malik, 1979; Nulton and Campbell, 
1977). Domain (1974) has demonstrated that antibiotic production is 
suppressed in the presence of rapidly assimilated sugars, such as > 
glucose. Increased antibiotic production in the presence of glycerol 
by K putida (Ml7) may be related to poor assimilation. Poor assimi¬ 
lation can be equated with poor nutrient availability. 
Glycerol may also be an important precursor for the production 
of the antibiotic produced by putida (M17). Chang and Blackwood 
(1968) demonstrated that C.|^ was incorporated into pyocyanine and 
oxychlororaphine maximally from glycerol. Carbon donation from glycerol 
was 300% more efficient than several other carbon sources in the 
production of phenazine-carboxylic acid by aureofaciens (Levitch 
and Stadtman, 1964). Once again, the actual role of glycerol in the 
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production of the antibiotic of putida (Ml 7) is not known, but it 
may serve as a precursor through the Shikimic pathway (Chang and 
Blackwood, 1968; Ingram and Blackwood, 1970; Levitch and Stadtman, 
1964). 
Experiments concerning the influence of amino acids on the pro¬ 
duction of the antibiotic by putida (Ml7) showed no stimulation by 
any amino acid. Several researchers have demonstrated that antibiotic 
production is often stimulated in the presence of various amino acids 
(Blander 1968; Ingram and Blackwood, 1970; Leisinger and 
Margraff, 1979; Sheikh and MacDonald, 1964). Tryptophan stimulated the 
production of pyrrolnitrin by K aureofaciens (Elander ^ aj_., 1968). 
Pyocyanin production was increased in the presence of methionine 
(Sheikh and MacDonald, 1964). Antibiotic production by putida 
(Ml 7) was slightly stimulated by cysteine, but the stimulation was 
not considered significant. 
Amino acids may act as precursors or as inducers for enzyme ^ - 
production for the synthesis of antibiotic compounds (Domain, 1972). 
The role of amino acids in putida (M17) antibiotic production, just 
as it is for many pseudomonads, is not known. The amino acid tests 
were conducted in the presence of glycerol. It would be interesting 
to study the effect of amino acids in the absence of glycerol, since 
the presence of glycerol may have masked any stimulatory effects of 
the amino acids. 
The type of nitrogen applied to the culture medium also af¬ 
fected the production of the antibiotic by P^. putida (Ml7). 
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Antibiotic was produced in the presence of ammonia-nitrogen, but 
not nitrate-nitrogen. The reason for this stimulation is not known 
and was not investigated. The severity of take-all of wheat is re¬ 
lated to the type of nitrogen fertilizer applied to the fields 
(Huber 1968; Smiley 1978a, b, 1979). Huber ^ (1968) 
suggested that nitrogen fertilizer may have an effect on some micro¬ 
bial interaction, but did not specify the nature of the interaction. 
Greater numbers of antagonistic pseudomonads were isolated from 
ammonium-nitrogen treated soils than nitrate-nitrogen soils (Smiley, 
1978a). It was later found that ammonium-nitrogen fertilizer increased 
the antagonistic ability of the pseudomonads and altered the composi¬ 
tion of pseudomonads in the rhizosphere (Smiley, 1979). Another 
study concluded that take-all suppression through manipulation of ni¬ 
trogen is in part caused by antagonistic effects (Smiley, 1978b). 
Although it is difficult to compare in vitro results with re¬ 
sults in soil, the effect of ammonia-nitrogen on increased antagonism 
may be related to the ability of the pseudomonads to produce'®the 
antibiotic. As observed with P^. putida (M17), antibiotic production 
may occur only in the presence of ammonia-nitrogen. Altered pseudo¬ 
monad populations may have been the result of competitive pressures. 
The pseudomonads lacking the ability to produce the antibiotic could 
have been replaced by more competitive organisms. Domain (1974) has 
stated that antibiotics are produced in the soil, are antagonistic, 
and provide a competitive edge, although much of the evidence concern¬ 
ing the actual role of antibiotics in the environment is circumstantial 
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(Lynch, 1976; Meers, 1978). 
The results of the experiments on the effect of media composi¬ 
tion on antibiotic production by K putida (Ml 7) provided some in¬ 
sight on its production. It was determined that a medium containing 
glycerol, with or without amino acids, and an ammonium-nitrogen 
source was best. 
The antibiotic compound was easily extracted from culture media 
using organic solvents, provided the pH was acidified. The effect 
of pH on isolation has been observed by other researchers (Chang and 
Blackwood, 1969; Levitch and Stadtman, 1964; MacDonald, 1963). How¬ 
ever, attempts at purifying the antibiotic by paper chromatography 
were not successful despite the use of a variety of solvent systems. 
It is regrettable that the antibiotic compound could not be 
purified by chromatography. Purification would have facilitated 
the identification of the inhibitory compound. It should be pointed 
out that there may have been more than one compound. Based on the 
stimulatory effect of glycerol on production (Ingram and Blackwood, 
1970) and its isolation with organic solvents (Leisinger and Margraff, 
1979) it could be a phenazine-type compound. Additional data are 
needed before any definite conclusion can be made concerning the 
identity of the inhibitory compound of putida (M17). 
In summary, treatment of potatoes with a Pseudomonas putida 
isolate with antagonistic activity toward soft rot Erwinia spp. 
was successful in reducing soft rot development. This research 
represents a successful attempt at the control of soft rot diseases 
of potatoes which could be improved through the selection of better 
antagonists with greater ability to colonize potato roots and tubers, 
and through directed genetic improvement using current recombinant 
DNA technologies. 
Preplant treatments were not as successful as postharvest 
treatments in controlling soft rot development, presumably because of 
reduced survival of putida in the soil. Control of postharvest 
diseases through the introduction of antagonists represents a unique 
approach to the control of postharvest diseases. There are only two 
other reports of controlling postharvest diseases through the use of 
antagonists. Pusey and Wilson (1982) used an antagonistic Baci11 us 
to control postharvest rots of apples, pears, cherries, and peaches. 
Postharvest inoculation of potatoes with Gliocladium virens reduced 
Rhizoctonia infestation of seed potatoes. 
The actual mechanism of disease suppression was not determined. 
Evidence, such as the inability of the antibiotic-negative bacterium ’ 
to reduce disease to the same level as the antibiotic-positive bac¬ 
terium, suggests abiosis. However, the intermediate results with the 
antibiotic-negative bacterium suggests a dual role of competition and 
abiosis. Another mechanism, not investigated, could be induced re¬ 
sistance. Proof of antibiotic production in the soil is needed before 
disease suppression could be attributed to abiosis. 
The antibiotic compound produced by putida (Ml7) was an¬ 
tagonistic to all Erwinia spp. tested. Erwinia inhibition by 
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pseudomonads has been rarely reported in the literature. The com¬ 
pound is bacteriocidal and not a fluorescent siderophore. The 
production of the inhibitory compound is stimulated by glycerol, and 
is easily extracted from culture media with organic solvents. 
These results suggest a phenazine-type compound synthesized through 
the shikimic acid pathway. 
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